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KLCRC" aSV#DL^GULSJ"V#^"VSJJ##^"^L^aLb:#^"^jJU]#ULb:#^ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC !hh"
KLC\C" aLc9GULSJ"#J"O9SZSJV#:9"#U"GJGDj^#"GKGCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC !hh"
KLCfC" OSLJU#"V#^"]S9LiSJ^ CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC !_\"
KLCgC" KG9LSc9GO]L#"V#"D2LaO#VGJH#"GHS:^ULb:# CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC !_g"
KLChC" aSV#D#"#J"LaO#VGJH#"GHS:^ULb:# CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC !de"
KLC_C" KGDLVGULSJ"V:"9#^:DUGUCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC !dQ"
VII." CONCLUSIONS ET PERSPECTIVES.................................................................................................. 197"
KLLC!C" HSJHD:^LSJ^CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC !d_"
KLLCQC" O#9^O#HULK#^CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC Qee"
VIII." ANNEXE ................................................................................................................................................... 202"
KLLLC!C" aLc9GULSJ"^L^aLb:#"#J"O9SZSJV#:9"G"GaODLU:V#"O9#^#9K## CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC QeR"
+00013131" F,7M$8")*(%,)=& 1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 ;D2"
+000131;1" Z?'A&%7.*(@7.()-11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 ;DH"
+00013121" [7.=&%7.-*()*Y,)).*A-S"#&7&%?')-11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 ;DG"
+000131H1" F,7M$8")*%.9),-) 11111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 ;D:"































































































H/%%/" %A6$/" $2&*%,5/$$/" (." 35)E16'/" 0/" 1(" 4)**(&$$(*4/" 0." $).$I$)1" 0(*$" 1/" 4(05/" 0/" 12/<31)5(%&)*"
3,%5)1&65/C" :*" 0/$" /*;/.<" '(;/.5$" 0/" 12&*0.$%5&/" 3,%5)1&65/" /$%" 02(>)&5" 1(" '/&11/.5/" 4)**(&$$(*4/" 0/$"
+&$/'/*%$"0/"+(Y"/%"0/"3,%5)1/C"D/$"',%A)0/$"0/"35)$3/4%&)*"0."$).$I$)1"$)*%"*)'E5/.$/$?"'(&$"1("31.$"
.%&1&$,/"/$%"12&'(+/5&/"$&$'&-./"-.&"/$%?"=".*/",4A/11/"E/(.4).3"31.$"1(5+/?"%56$"$/'E1(E1/"="12,4A)+5(3A&/"
',0&4(1/C"V2(.%5/$" %F3/$"0/"',%A)0/$"$)*%" 1/$"0&(+5(3A&/$"/88/4%.,/$"0(*$"0/$"8)5(+/$"-.&"'/$.5/*%" 1/$"
35)35&,%,$"0/$"4).4A/$"-.&"$)*%"0/$"&*8)5'(%&)*$"35,4&$/$?"'(&$"%56$"1)4(1&$,/$C"
:*/"0/$"+5(*0/$"%A,'(%&-./$"0/"5/4A/54A/"/%"0,>/1)33/'/*%"0/"12&*0.$%5&/"3,%5)1&65/"/$%"12k"&*%,+5(%&)*"l"
0/" 4/" %F3/" 0/" 0)**,/$" 0/" *(%.5/$" %56$" 0&88,5/*%/$?" )." 4)''/*%" 4)'E&*/5" (." '&/.<" 1/$" &*8)5'(%&)*$"




/*5/+&$%5/'/*%$B?" -.&" $)*%" /11/$I'P'/$" .%&1&$,/$" 3).5" 4)*$%5.&5/" 0/$"')061/$" 0." $).$I$)1?" 0&%$"')061/$"
5,$/5>)&5" -.&" /<35&'/*%" 0/$" 35)35&,%,$" 4)''/" 12&'3,0(*4/" (4).$%&-./?" 1(" 3)5)$&%,?" 1(" 3/5',(E&1&%,?" 1/$"
8(4&6$"+,)1)+&-./$?"/%4C"3).5"/*$.&%/"3/5'/%%5/"1("35&$/"0/"0,4&$&)*"4)*4/5*(*%".*/",>/*%./11/"/<31)&%(%&)*C"
O/*0(*%" 1)*+%/'3$"1/$" %/4A*&-./$"0/"4)*$%5.4%&)*"0/"')061/"5,$/5>)&5")*%",%,"+,)3AF$&-./$?".*"0/" 1/.5"
3)&*%"8(&E1/"/$%"0/"*/"3($"3).>)&5"/$%&'/5"5&+).5/.$/'/*%"1/$"&*4/5%&%.0/$"$.5"1/$"5,$.1%(%$?"4/"-.&"/$%".*"











O(5&$?"("3/5'&$"-.2.*"$.;/%" &*%,+5(*%" 1/$"0/.<"$4&/*4/$?"35)4A/$"0/$"$).4&$"0/" 12&*0.$%5&/"3,%5)1&65/?"$)&%"
35)3)$,C"
H/%%/" %A6$/" $/" 3)$&%&)**/" =" 1(" $.&%/" 0/" 4/11/" 02G1/<(*05/" #+5/%/(.?" (*4&/*" 0)4%)5(*%" 0." H/*%5/" 0/"
















0."$).$I$)1"'(&$"(.$$&"02)E%/*&5"0/$" &*8)5'(%&)*$"4(5(4%,5&$%&-./$"4)''/" 1/" 4)*%/*."/*"AF05)4(5E.5/$C"
D2&'3,0(*4/"(4).$%&-./" @4p/$%I=I0&5/" 1/"35)0.&%"0/" 1(">&%/$$/"$&$'&-./"/%"0/" 1("0/*$&%,B"3/5'/%"0/" 5/1&/5"
0/$"8(4&6$"/%"0/$">(1/.5$"0/"3)5)$&%,"/%"3/5',(E&1&%,"="12(&0/"0/"12&*8)5'(%&)*"0/$"1)+$">.$"(.<"3.&%$C"
G>/4" 1(" 0/$45&3%&)*" +,)3AF$&-./" 0/" 1(" $.E$.58(4/" @>&%/$$/" /%" 0/*$&%,B?" .*" 0/$" 3(5('6%5/$" 8).5*&$" 3(5"




*)'E5/.$/$?" /%" /*" ,>)1.%&)*" 4)*$%(*%/C" D/$" 31.$" /'31)F,/$?" 0(*$" 1/" $/4%/.5" +,)3AF$&-./" $)*%" 0/$"
',%A)0/$"4)''/"12&*>/5$&)*"/*"8)5'/"02)*0/$"*)*"1&*,(&5/?"4)''/"35)3)$,"3(5"qH5($/")&*A$1?"!dder")."
12&*>/5$&)*"$%5(%&+5(3A&-./"qU)*/11)%?"QeeerC"
9,4/''/*%?" q#+5/%/(.?"Qeefr"("0,')*%5,"-./" 1("'&+5(%&)*"/*"35)8)*0/.5" =" ('31&%.0/"35,$/5>,/" $.&>&/"
3(5".*"%5(&%/'/*%"(356$I'&+5(%&)*"(0,-.(%?".*/"&*>/5$&)*"GKG"@3).5"!"#$%&'()*+),-'-*!./$)B?"3/.%"P%5/"
















3.&%$" /%" 1(" +,)',%5&/" 0/$" 4).4A/$" -.&" $)*%" 3)&*%,/$" $.5" 1/$" $-./1/%%/$"GKGC" D/"')061/" /*" &'3,0(*4/"
(4).$%&-./")E%/*."3(5"$&'.1(%&)*"+,)$%(%&$%&-./"$/5("4)*$&0,5,"4)''/"1/"')061/"&*&%&(1"3).5"1("$.&%/"0/"1("
',%A)0/C"
#*$.&%/?" *).$" 35)3)$)*$" 02&*%,+5/5" 12&*8)5'(%&)*" -.(*%&%(%&>/" 4)*%/*./" 0(*$" .*/" 0/$" $/4%&)*$" &$$./" 0."















H/%%/" %A6$/" /$%" )5+(*&$,/" $/1)*" 4&*-" +5(*0/$" 3(5%&/$?" 1(" 35/'&65/" 35,$/*%/" %).%/" 1(" ',%A)0)1)+&/"






35&*4&3/$" 0/" 12&'(+/5&/" $&$'&-./" /%" 1(" ',%A)0/" 0/" '&+5(%&)*" /*" 35)8)*0/.5" (>(*%" $)''(%&)*" /%" ="
('31&%.0/"35,$/5>,/"@0,>/1)33/'/*%"4)'31/%"/*"(**/</B"/%"/*$.&%/"1/$"%5(&%/'/*%$"GKG"3).5"12(*(1F$/"0/"
1("5,81/4%&>&%,C"O.&$?" 1/$" %5(>(.<"02GC"#+5/%/(."$/5)*%"0,45&%$?" &1$"8).5*&$$/*%" 1/$"$/4%&)*$"$-./1/%%/$"GKG"
-.&" $/5>&5)*%"3).5"4)*%5(&*05/" 1(" $&'.1(%&)*"+,)$%(%&$%&-./"0/" 12&'3,0(*4/"(4).$%&-./C"D2(*(1F$/"0/"4/$"
$-./1/%%/$"/%"0/$"%5(;/4%)&5/$"($$)4&,/$"3/5'/%"0/"-.(*%&8&/5"1/$"&*4/5%&%.0/$"-.&"0,45&>/*%"1("-.(1&%,"0/"%).$"
1/$"%5(&%/'/*%$"35,4,0/*%$C"
J).$"0,45&5)*$"/*$.&%/" 1("',%A)0/"0/"$&'.1(%&)*"+,)$%(%&$%&-./"/%" 1/$"(>(*%(+/$"-.2/11/"(33)5%/"3).5" 1("
45,(%&)*"0."')061/"/*"&'3,0(*4/"(4).$%&-./"&*&%&(1C"






2. Application sur données synthétiques créées par la géophysique 
D(" 35/'&65/" (331&4(%&)*" (" 3).5" E.%" 0/" '/%%5/" /*" 31(4/" /%" %/$%/5" *)%5/" ',%A)0)1)+&/?" '(&$" (.$$&" 0/"
12&11.$%5/5"41(&5/'/*%C"O).5"4/1(?"*).$"(>)*$"0,8&*&".*"'&1&/.",1($%&-./"$F*%A,%&-./"@$/4%&)*$"/*">&%/$$/"O?"
>&%/$$/" ^" /%" 0/*$&%,B?" $.5" 1/-./1" *).$" (>)*$" /88/4%.," .*/" ')0,1&$(%&)*" 02.*" /*$/'E1/" 0/" 0)**,/$""
$&$'&-./$" $F*%A,%&-./$" 5,(1&$%/$" 3(5" 0&88,5/*4/$" 8&*&/$" 0/" 12,-.(%&)*" 02)*0/" ,1($%&-./C" D2/*$/'E1/" 0/$"
%5(&%/'/*%$"+,)3AF$&-./$?"'&+5(%&)*"/%"(*(1F$/"GKG"$/5)*%"/88/4%.,$"3).5"3).>)&5")E%/*&5"1/$"$-./1/%%/$"
02(%%5&E.%$" GKGC" #*$.&%/?" %).%/$" 1/$" ,%(3/$" 3).5" 3).>)&5" /88/4%./5" 1(" $&'.1(%&)*" +,)$%(%&$%&-./" =" 3(5%&5"
02.*" )." 0/" 31.$&/.5$" 3.&%$" /<%5(&%$" 0." ')061/" /*" &'3,0(*4/" %A,)5&-./" $/5)*%" 8(&%/$C" D/$" 5,$.1%(%$" 0."






5/35)0.&5/" .*/" (*)'(1&/" 0/" +(Y" $/5)*%" (*(1F$,$" /%" 4)'3(5,$" (." ')061/" /*" &'3,0(*4/" %A,)5&-./" -.&"
5/35,$/*%/"1("5,(1&%,C"
"
3. Application sur données réelles 
D("',%A)0/"/$%"(331&-.,/"=".*"4($"0/"0)**,/$"5,/11/$")t".*"$/.1"3.&%$"/$%"0&$3)*&E1/C"H/%%/"3(5%&/"("3).5"
E.%" 1(" '&$/" /*" 35(%&-./" 0/" 1(" ',%A)0)1)+&/" 0(*$" .*" 4($" 5,(1&$%/" /%" 02(E)50/5" 1/$" -./$%&)*$" 1&,/$" (.<"
4)*%5(&*%/$"-./"*).$"*/"5/*4)*%5)*$"3($"0(*$"1/$"4($"$F*%A,%&-./$"X"4(1(+/"0/"1("$&$'&-./"(."3.&%$?".*"$/.1"
3.&%$"0&$3)*&E1/?"/%4C"D/$" 5,$.1%(%$"0/" 1("'&+5(%&)*"/%"0/" 12&*>/5$&)*"GKG"$)*%"31.$" &*4/5%(&*$"/%"E5.&%,$"
-./"4/.<"0/$"(331&4(%&)*$"$F*%A,%&-./$?"/%"12&0/*%&8&4(%&)*"0/$"(*)'(1&/$"/*"+(Y"/$%"')&*$",>&0/*%/C"V(*$"
4/" 4($" *).$" 35)3)$/5)*$" .*/"',%A)0/" 0/" 4(1(+/" 0/$" 5,$.1%(%$" 0/" 1("'&+5(%&)*" $&$'&-./" (." 3.&%$C"J).$"
'/%%5)*$"/*",>&0/*4/"1("3/58)5'(*4/"0/"1("'&+5(%&)*"/*"35)8)*0/.5".%&1&$,/C"
D2&*%/535,%(%&)*" 0/$" 5,$.1%(%$" $&$'&-./$" /%" 0/$" $/4%&)*$" GKG" *).$" &*0&-./5(" 1(" 35,$/*4/" 0/" 0/.<"
(*)'(1&/$" 0/" +(Y" 0/" *(%.5/" 0&88,5/*%/$?" 4/" -.&" 3/5'/%%5(" 0/" %/$%/5" 1/$" 0&88,5/*%$" %F3/$" 0/"')0&8&4(%&)*"
1)4(1/"0."')061/"/*"&'3,0(*4/"(4).$%&-./"&*&%&(1C"
"
4. Application sur données géologiques synthétiques 
H/%%/"0/5*&65/"(331&4(%&)*"0/"1("',%A)0)1)+&/"$.5".*"4($"0/"0)**,/$"$&$'&-./$"$F*%A,%&-./$"4(14.1,/$"$.5"
.*"')061/",1($%&-./"@K3?"K$?"0/*$&%,B"4)*$%5.&%"3(5"0/$"$&'.1(%&)*$"+,)$%(%&$%&-./$C"







5. Conclusions et perspectives 
J).$" 8/5)*$" 0(*$" 4/%%/" 0/5*&65/" 3(5%&/" .*" 5,4(3&%.1(%&8" 0/$" 5,$.1%(%$" )E%/*.$" /%" '/%%5)*$" /*" (>(*%" 1/$"
(>(*%(+/$?"'(&$"(.$$&"1/$"1&'&%(%&)*$"0/"1("',%A)0)1)+&/C"
H/%%/" %A6$/" ,%(*%" .*/" 35/'&65/" (')54/" 02.*/" 4)11(E)5(%&)*" /*%5/" 1/$" 4/*%5/$" 0/" c,)$%(%&$%&-./" /%" 0/"
c,)3AF$&-./"0/" 12o4)1/" 0/$"a&*/$" 0/"O(5&$?" .*"+5(*0"*)'E5/"0/" 3)&*%$" )*%" ,%," (E)50,$?" $(*$" 3).>)&5"
%).;).5$" (335)8)*0&5" 5&+).5/.$/'/*%" 1/$" 35)E16'/$C" H)*$4&/*%$" -./" 4/$" %5(>(.<" 0)&>/*%" P%5/" 4)*%&*.,$"

























































































D/$" ,%(3/$" $)*%" 1/$" $.&>(*%/$"X" (4-.&$&%&)*?" 35,%5(&%/'/*%$?" 4)*$%5.4%&)*"0."')061/"0/">&%/$$/?" &'(+/5&/?"
,%.0/$"GKS"@1/"31.$"$).>/*%"/88/4%.,/$"/*" %/'3$"$.5" 1/$"$/4%&)*$"k"3)&*%"'&1&/."4)''.*"l"HVOB"3).5"
12(*(1F$/" 0." 4)'3)5%/'/*%" 0/" 1(" 5,81/4%&>&%," )." 0&5/4%/'/*%" &*%/535,%(%&)*" 0/$" &'(+/$" $&$'&-./$C" D("
4(5(4%,5&$(%&)*" 3/5'/%" 02)E%/*&5" .*" ')061/" 5,$/5>)&5?" -.&" /$%" .%&1&$," 3).5" /88/4%./5" 0/$" $&'.1(%&)*$"
02,4).1/'/*%" 0/" 81.&0/" (." 4).5$" 0." %/'3$" @,%.0/$" 0/" 8(&$(E&1&%," 0/" 35)0.4%&)*B" 4)''/" 1/" 35)3)$/" 3(5"






J).$"0&$4.%/5)*$"0(*$" 4/%%/"3(5%&/"0/" 1("0,8&*&%&)*"0/" 1(" 4(5(4%,5&$(%&)*"0/" 5,$/5>)&5" /%"35,$/*%/5)*$" 1/$"
',%A)0/$" 1/$"31.$".%&1&$,/$"3).5"4)*$%5.&5/".*"k"')061/" 5,$/5>)&5"lC"V/3.&$".*/">&*+%(&*/"02(**,/$"0/$"












V(*$" 1/" 4(05/" 0/" 4/%%/" %A6$/?" &1" /$%" &'3)5%(*%" 0/" 0,8&*&5" 4/" -./" *).$" (11)*$" (33/1/5" 4(5(4%,5&$(%&)*" 0/"
5,$/5>)&5C" ^.&>(*%" 1/" 0)'(&*/" 02(331&4(%&)*" ,%.0&,?" 1/" %/5'/" k"4(5(4%,5&$(%&)*"l" 3/.%" 35/*05/" 31.$&/.5$"
$/*$"X"
!! Dans le domaine des études réservoir dynamiques?" 1(" 4(5(4%,5&$(%&)*" $&+*&8&/" 12,%.0/" 0."
4)'3)5%/'/*%" 0." 5,$/5>)&5" )E$/5>," 1)5$" 0/" $&'.1(%&)*$" 02,4).1/'/*%$" 0/" 81.&0/?" *).$" 3(51)*$"
(1)5$" 31.%N%" 0/" k"$&'.1(%&)*" 5,$/5>)&5"lC" b.(*0" 4/$" ,%.0/$" $)*%" /88/4%.,/$" (>(*%" 1(" '&$/" /*"
35)0.4%&)*" 0." +&$/'/*%?" /11/$" 3/5'/%%/*%" 02(*%&4&3/5" 1/$" '&+5(%&)*$" 0/" 81.&0/" /%" )3%&'&$/5?" 3(5"
/</'31/?"1("1)4(1&$(%&)*"0/$"3.&%$"35)0.4%/.5$C"J).$"$)''/$"(1)5$"0(*$"1/"4(05/"02,%.0/$"0&%/$"0/"
k"8(&$(E&1&%,"lC" b.(*0" 4/$" %5(>(.<" $)*%" /88/4%.,$" 3/*0(*%" 1(" 35)0.4%&)*" 0." +&$/'/*%?" 1/$"
$&'.1(%&)*$"3/5'/%%/*%" 12(;.$%/'/*%" &*$%(*%(*,"0/$"3(5('6%5/$"0."')061/"5,$/5>)&5"(8&*"0/"4(1/5"
(.<"A&$%)5&-./$"0/"35)0.4%&)*"/%"35,0&5/"1/"4)'3)5%/'/*%"8.%.5"0."5,$/5>)&5C"
!! Dans le domaine des études réservoirs statiques?" /%" 4/1.&" 0/" 1(" +,)$%(%&$%&-./" 3,%5)1&65/?" 1("
k"4(5(4%,5&$(%&)*"l" /$%" $F*)*F'/"0/" k"')0,1&$(%&)*"l"X" 0/$"',%A)0/$" $)*%"'&$/$" /*"v.>5/" 3).5"
4)*$%5.&5/" 1/" '/&11/.5" ')061/" 5,$/5>)&5" 5/35,$/*%(%&8" 0/" 1(" 5,(1&%," =" 12(&0/" 02.*" '(<&'.'"
02&*8)5'(%&)*$" @+,)1)+&/?" $&$'&-./?" 3.&%$?" /%4CBC"s" 1(" 0&88,5/*4/" 0/" 1(" 0,8&*&%&)*" 35,4,0/*%/?" .*"
')061/"$%(%&-./"/$%"4)*$%5.&%C"
J)$" %5(>(.<" $)*%" /*%5/35&$" $/1)*" 4/%%/" 0/5*&65/" 0,8&*&%&)*"X" &1" 8(.%" /*%/*05/" 1/" %/5'/" 4(5(4%,5&$(%&)*" 3(5"
4/1.&"0/"')0,1&$(%&)*C"L1"$/5("(.$$&"/$$/*%&/1"0/"*/"3($"&*%/535,%/5"1/"%/5'/"k"$&'.1(%&)*"l"3(5"4/1.&"0/"1("



















D(" 4(5(4%,5&$(%&)*" 0/" 5,$/5>)&5" 4)*$&$%/" =" 45,/5" .*" ')061/" =" A(.%/" 5,$)1.%&)*" -.&" &*%6+5/" /%" 4)*4&1&/"
0&88,5/*%$"%F3/$"02&*8)5'(%&)*$"+,)1)+&-./$"/%"3AF$&-./$?"(11(*%"0/"12,4A/11/"0."3)5/"="4/11/"0."E($$&*C"H/"
')061/" /$%" $).>/*%" 0,8&*&" 4)''/" k"&*%/50&$4&31&*(&5/"l?" 4p/$%I=I0&5/" -.2&1" /$%" 4)*$%5.&%" 3(5" &*%,+5(%&)*"
02&*8)5'(%&)*$"02)5&+&*/$"/%"0/"%F3/$"0&88,5/*%$C"
:*"0/$"/*;/.<"0/"1("4(5(4%,5&$(%&)*"0/"5,$/5>)&5"/$%"0/"$,1/4%&)**/5"1/$">(5&(E1/$"@3)5)$&%,?"3/5',(E&1&%,?"
8(4&6$?" /%4CB" /%" 1/.5$" +,)',%5&/$" -.&" 3/5'/%%/*%" 0/" 0,45&5/" (." '&/.<" 1/" 5,$/5>)&5" /%" 02,>/*%./11/'/*%"
3).>)&5"'&'/5"$)*"4)'3)5%/'/*%"0(*$".*"$).4&"0/"'/&11/.5/"/<31)&%(%&)*C"
D/$",>)1.%&)*$" %/4A*&-./$"/%" 12(',1&)5(%&)*"0/$"3/58)5'(*4/$"0/" 4(14.1" &*8)5'(%&-./")*%"3/5'&$"0/3.&$"
1)*+%/'3$"0/"3($$/5"0/"')0,1&$(%&)*$"$&'31&$%/$"@4)''/"1("$&'31/"&*%/53)1(%&)*"0/$"3(5('6%5/$"5,$/5>)&5"
/*%5/" 1/$" 3.&%$" 02/<31)5(%&)*B" =" 0/$" (335)4A/$" 31.$" 4)'31/</$" 4)''/" 1/$" ',%A)0/$" 02&*>/5$&)*"
$%5(%&+5(3A&-./"/%"1/$"',%A)0/$"0/"$&'.1(%&)*"+,)$%(%&$%&-./C"
D2(335)4A/" %5(0&%&)**/11/" /$%" /88/4%.,/" 3(5" .*" +,)1)+./" 0/" 35)0.4%&)*C" #11/" (" 3).5" E.%" 0/" 0,45&5/" 1/"





@)." .*/" +(''/" 0/" >(1/.5$B" /*" 4A(-./" /*05)&%" 0/" 1(" Y)*/" ,%.0&,/" 3).5" 0/$" >(5&(E1/$" 3,%5)3AF$&-./$"





































:*/" 0/$" ',%A)0/$" $&'31/$" /%" 5(3&0/$" 3).5" 35)3)$/5" .*" ')061/" 0/" 5,$/5>)&5" /$%" 02&*%/53)1/5" 1/$"
&*8)5'(%&)*$" >./$" (.<" 3.&%$" @>&%/$$/$?" 0/*$&%," %5(*$8)5',/$" /*" &'3,0(*4/?" 3)5)$&%,?" 3/5',(E&1&%,?" /%4CB"
0(*$" %).%" 12/$3(4/?" 4/" -.&" 4)55/$3)*0" =" .*/" /$%&'(%&)*" 0/" >(5&(E1/$" 5,+&)*(1&$,/$C" L1" /$%" (.$$&" 3)$$&E1/"
02/<%5(3)1/5" 1/$" >(5&(E1/$" (.I0/1=" 0/$" 3.&%$C" H/%%/" ',%A)0/?" .%&1&$,/" 1(5+/'/*%" (." 0,E.%" 0/$" ,%.0/$"






0&$4)*%&*.&%,$"'(;/.5/$C" D/$" %/4A*&-./$" 02&*%/53)1(%&)*" 3/.>/*%" E&/*" $w5" P%5/" (0(3%,/$" (." 4($" 3(5" 4($"X"





D2&*>/5$&)*" $%5(%&+5(3A&-./" 3/5'/%" 12)E%/*%&)*" 0." ')061/" 5,$/5>)&5" /*" &'3,0(*4/" (4).$%&-./" =" 12(&0/"




:*" 35/'&/5"')061/" 5,$/5>)&5" /$%" /$%&',?" 3(5" /</'31/" /*" &*%/53)1(*%" 1/$" >(1/.5$" 02&'3,0(*4/" >./$" (.<"
3.&%$"$.5"1("Y)*/",%.0&,/C"D/"35)E16'/"0&5/4%"4)*$&$%/"="4(14.1/5"1("5,3)*$/"$&$'&-./"0/"4/"')061/"("35&)5&"
=".*/"/<4&%(%&)*"0)**,/C"




^).>/*%?" 1(" '&*&'&$(%&)*" 0/" 1(" 8)*4%&)*" 4)w%" /$%" .*/" ',%A)0/" 0/" +5(0&/*%" 4)*;.+.," /%" 1/" ')061/" 0/"
3(5('6%5/"5,$/5>)&5")E%/*."/$%".*&-./?"(&*$&"12&*>/5$&)*"$%5(%&+5(3A&-./"/$%".*/"',%A)0/"0,%/5'&*&$%/C"
V/3.&$"$("8)5'.1(%&)*"0/"E($/?"12&*>/5$&)*"$%5(%&+5(3A&-./"("E/(.4).3",>)1.,?"*)%(''/*%"3).5"1/"4(14.1"
0/$" 35)35&,%,$" ,1($%&-./$" 0/" 1(" $.E$.58(4/" /*" .%&1&$(*%" 1/$" 0)**,/$" $&$'&-./$" (>(*%" $)''(%&)*" -.&"
4)*%&/**/*%" %).%/" 12&*8)5'(%&)*" $&$'&-./" /*" 8)*4%&)*" 0/" 12(*+1/C" qH)*)11F?" !dddr" (" 35)3)$," 02&*>/5$/5"
$,-./*%&/11/'/*%" 1/$" 0)**,/$" $)'',/$" 3).5" 4A(-./" 41($$/" 0x(*+1/" (8&*" 02)E%/*&5" .*" ')061/" /*"








!! .*" %/5'/" +,)1)+&-./" -.&" 4(14.1/" 12/55/.5" /*%5/" 1/$" 3(5('6%5/$" +,)',%5&-./$" (" 35&)5&" /%" 1/$"
3(5('6%5/$"35,0&%$C"













35,(1(E1/" 1(" 4)**(&$$(*4/" 35,4&$/" 0p.*" ')061/" 0/" >&%/$$/" -.&" 3/5'/%" 0/" %5(*$8)5'/5" 12&*8)5'(%&)*"
$&$'&-./"/*"3(5('6%5/$",1($%&-./$"4)''/"1/$">&%/$$/$"$&$'&-./$"K3?"K$"/%"1("0/*$&%,C"
V(*$".*"35/'&/5"%/'3$?"12&*>/5$&)*"/88/4%./"1/"4(14.1"0&5/4%"0/"12,-.(%&)*"02)*0/"3(5".*/"')0,1&$(%&)*"/*"
0&88,5/*4/$" 8&*&/$C"H/%%/"')0,1&$(%&)*?" 31.$" 3/58)5'(*%/" -./" 1("')0,1&$(%&)*" 41($$&-./" 3(5" 4)*>)1.%&)*?"
3/.%" P%5/" /88/4%.,/" 0(*$" 0/$" '&1&/.<" 4)'31/</$?" /11/" &*41.%" %).$" 1/$" %F3/$" 02)*0/$" 0." 5,+&'/" 0/"
35)3(+(%&)*"4)*$&0,5,"/%"3/5'/%"(&*$&"02)E%/*&5"="%/5'/"0/$"')061/$"5,$/5>)&5$"0/"+5(*0/"-.(1&%,C"
#*$.&%/?" 12,%(3/" 02&*>/5$&)*" $p(33.&/" $.5" .*/" ',%A)0/" 0/" +5(0&/*%" 3).5" '&*&'&$/5" .*/" 8)*4%&)*" 4)w%"
-.(*%&8&(*%"12/55/.5"1/$"0&88,5/*4/$"/*%5/"0)**,/$"$&$'&-./$")E$/5>,/$"/%"4(14.1,/$C"
]&$%)5&-./'/*%?"qU(5(*%)1(?"!d_\r"("0,>/1)33,"1/"4)*4/3%"02&*>/5$&)*"0/$"8)5'/"02)*0/$"0(*$"1/"4(05/"0/"






D2&*>/5$&)*" /88/4%.,/" 0(*$" 1/" 0)'(&*/" 85,-./*%&/1" /$%" (33(5./" 0(*$" 1/$" (**,/$" !dde"X" qO5(%%?" !dddr" ("
,%/*0."12&*>/5$&)*"/*"8)5'/"02)*0/"(."0)'(&*/"0/"Z).5&/5"-.&"/$%"02.*"3)&*%"0/">./"%A,)5&-./"$%5&4%/'/*%"
,-.&>(1/*%/"="1(">/5$&)*"%/'3)5/11/C"H/%%/",>)1.%&)*"3/5'/%"0/"1&'&%/5"1("$)1.%&)*"0."35)E16'/"&*>/5$/"="
.*" 4/5%(&*" *)'E5/" 0/" 85,-./*4/$" -.&" $)*%" &*>/5$,/$" $&'.1%(*,'/*%?" 4/" -.&" (',1&)5/" 12/88&4(4&%," 0."






3($" .%&1&$/5" 4/" 8)5'(1&$'/?" *).$" 35)3)$)*$" 0/" 4(14.1/5" .*" ')061/" /*" &'3,0(*4/" (4).$%&-./" 0/" 8(y)*"
0&5/4%/?"$(*$"/88/4%./5"02&%,5(%&)*$C"J).$"35,$/*%/5)*$"="1("8&*"0/"4/"',')&5/".*/"',%A)0/"3).5"/88/4%./5"
.*"4)*%5N1/"-.(1&%,"0."')061/" 8&*(1"-.&?" $2&1" /$%" $(%&$8(&$(*%?"3).55("P%5/".%&1&$," %/1"-./1"3).5" 1("45,(%&)*"













D/$" 0,>/1)33/'/*%$" (4%./1$" $.5" 1(" ')0,1&$(%&)*" 0/" 5,$/5>)&5" 8)*%" .*/" +5(*0/" 31(4/" (.<" ',%A)0/$"
+,)$%(%&$%&-./$C"
J).$" (11)*$" *).$" &*%,5/$$/5" (.<" ',%A)0/$" -.&" %5(&%/*%" 0/" 12&*%,+5(%&)*" 0/$" 0)**,/$" $&$'&-./$" 0(*$" 1("
4)*$%5.4%&)*"+,)$%(%&$%&-./"02.*"')061/"5,$/5>)&5?"4p/$%I=I0&5/".*"')061/"/<35&',"/*"%/5'/$"0/"3)5)$&%,?"
8(4&6$?"/%4C"







12/$%&'(%&)*"+,)$%(%&$%&-./" /$%" (33(5./"/*$.&%/" @(>(*%?" /11/$"*2,%(&/*%" >./$"-./" 4)''/"0/$" &*8)5'(%&)*$"
(.<&1&(&5/$?"3).5"&'3)$/5".*/"0,5&>/"/<%/5*/"3(5"/</'31/BC"
V/" *)$" ;).5$?" 1/$" 35&*4&3(1/$" %/4A*&-./$" 3).5" &*%,+5/5" 4)'316%/'/*%" 1/$" 0)**,/$" $&$'&-./$" 0(*$" 1("
0,%/5'&*(%&)*" +,)$%(%&$%&-./" 0/$" 3(5('6%5/$" 5,$/5>)&5" $)*%" 1/" 4)75&+/(+/?" 1(" 4)$&'.1(%&)*" /%" 12&*>/5$&)*"
+,)$%(%&$%&-./C"
J).$" (11)*$" 5(33/1/5" 5(3&0/'/*%" 0/$" *)%&)*$" 0/" +,)$%(%&$%&-./" 3).5" 1(" E)**/" 4)'35,A/*$&)*" 0/" 4/$"





#*"+,)$%(%&$%&-./?" .*/"-.(*%&%," /$%"0,8&*&/" 4)''/".*/">(5&(E1/" (1,(%)&5/C"^)*" 4)'3)5%/'/*%" $3(%&(1" /$%"
0,45&%"3(5"1/">(5&)+5(''/?").%&1"35&*4&3(1".%&1&$,"3(5"1("',%A)0/"02/$%&'(%&)*"(33/1,/"1/"75&+/(+/C"
D2/*;/."0/"1("+,)$%(%&$%&-./"/$%"0/"4(5(4%,5&$/5"4/%%/">(5&(E1/"(1,(%)&5/"/*"%/5'/"0/"4)'3)5%/'/*%"$3(%&(1"
0/" 8(y)*" =" 5,(1&$/5" $)&%" 0/$" /$%&'(%&)*$" 3).5" )E%/*&5" 0/$" 4(5%/$" ')F/**/$?" $)&%" 0/$" $&'.1(%&)*$" 3).5"
5/35)0.&5/"1(">(5&(E&1&%,"0/"1("-.(*%&%,",%.0&,/C"
 
Le variogramme et la covariance 
D/">(5&)+5(''/"!O>Q"-.&"8).5*&%".*/"&*8)5'(%&)*"$%(%&$%&-./"/%"$3(%&(1/"$.5"1/"4A('3"="/$%&'/5"5,$.'/"1/"
4)'3)5%/'/*%"0/"1(">(5&(E1/"/*"8)*4%&)*"0/"1("0&$%(*4/">C"











V/" 8(y)*" $&'&1(&5/?" -.(*0" 1/" >(5&)+5(''/" (%%/&*%" .*" 3(1&/5?" 4/1(" $&+*&8&/" -./" 1/$" >(1/.5$" */" $)*%" 31.$"
4)55,1,/$"X"1("0&$%(*4/"(%%/&*%/"4)55/$3)*0"="1("3)5%,/"0.">(5&)+5(''/C"
D/"4)'3)5%/'/*%"$3(%&(1"-./"*).$"$).A(&%)*$"(331&-./5"(.<"0)**,/$"="/$%&'/5"/$%")E%/*."3(5" 1/"4(1(+/"
02.*" >(5&)+5(''/" ')0,1&$," $.5" 1/" >(5&)+5(''/" /<3,5&'/*%(1" 4(14.1," =" 3(5%&5" 0/$" 0)**,/$C" H/"
>(5&)+5(''/"')0,1&$,"-.(*%&8&/"1("4)55,1(%&)*"4)''/".*/"8)*4%&)*"0/"1("0&$%(*4/"/%"%5(0.&%"1("4)*%&*.&%,"
/%"31.$"+,*,5(1/'/*%"1("$%5.4%.5/"$3(%&(1/"0/"1(">(5&(E1/C"























Estimation : le krigeage 
:*" 35)E16'/" 4).5(*%" /*" $4&/*4/$" 0/" 1(" %/55/" /$%" 1(" 4(5%)+5(3A&/" 0/" >(5&(E1/$" 5,+&)*(1&$,/$" =" 3(5%&5" 0/"
3)&*%$"4)**.$"@%)3)+5(3A&/?"3)11.%&)*?"AF05)1)+&/?"/<31)5(%&)*"3,%5)1&65/?"/%4CBC"
D/"75&+/(+/"/$%".*"&*%/53)1(%/.5"-.&"("3).5"(>(*%(+/"0/"8).5*&5".*/">(5&(*4/"0p/55/.5"/*"31.$"0/"1(">(1/.5"










D2&0,/" 35&*4&3(1/" 0." 75&+/(+/" /$%" 0/" >).1)&5" 4)*$%5.&5/" .*" /$%&'(%/.5" cdO'Q" -.&" /$%" .*/" 4)'E&*(&$)*"
1&*,(&5/"0/$"0)**,/$?" $(*$"E&(&$?"/%"-.&"/$%")3%&'(1"0(*$" 1/"$/*$"0/$"')&*05/$"4(55,$C"Hp/$%I=I0&5/"-./" 1("
0&88,5/*4/"')F/**,/"/%"-.(05(%&-./"/$%"'&*&'&$,/"/*%5/"1(">(1/.5"5,/11/"cO'Q"/%"$)*"/$%&'(%&)*"X"




! " ! " ! " ! "
&




" # "# "
(>/4"X"
!! ! "% $! 12/$%&'(%&)*"="1("4&E1/"0,8&*&/"3(5"1/">/4%/.5"'C"
!! ! "' $ "1("')F/**/"("35&)5&"(.<"4&E1/$"'C"
!! $ #$%%%$&!" ! # ?"1/$"3)&0$"(331&-.,$"(.<".*0)**,/$C"
!! ! "$ #$%%%$( $ &! ! # "1/$"0)**,/$C"
!! ! "$ #$%%%$' $ &! ! # 1/$"')F/**/$"("35&)5&"0/$"4&E1/$"@3)&*%$"4)*0&%&)**(*%$BC"








L1" /<&$%/" 0/" *)'E5/.$/$" ',%A)0/$" 3).5" +,*,5/5" 1/$" 8)*4%&)*$" (1,(%)&5/$" 4)''/" 4/11/" 0/" $&'.1(%&)*"
$,-./*%&/11/" +(.$$&/**/?" -./" *).$" (11)*$" .%&1&$/5C" #11/" 4)*$&$%/" =" (;).%/5" =" 12/$%&'(%&)*" 3(5" 75&+/(+/" .*"
5,$&0."3)*0,5,"3(5"12,4(5%"%F3/"0/"75&+/(+/"X"
" "# $# #
) )









^.5" .*/" Y)*/" 0/" 5,$/5>)&5" 4)*$%5.&%/" 3(5"',%A)0/" +,)$%(%&$%&-./?" 1/" 4(14.1" 0/$" >)1.'/$" @4p/$%I=I0&5/" 1("
-.(*%&%,"0/"81.&0/"4)*%/*./"0(*$".*/".*&%,"/*%5/"1/"%)&%"0."5,$/5>)&5"/%"1("$.58(4/"0/"4)*%(4%B"$/5("E&(&$,"$&"
1/"4(14.1"0/$"3(5('6%5/$"3,%5)3AF$&-./$"/$%"/88/4%.,"3(5"/$%&'(%&)*"4)''/"1/"75&+/(+/").".*/"-./14)*-./"
























6%/',)* H*\* K7"#A,A%-7.* ).&,)* '.)* -',6A=)* &7#7/,A#>%?')* )-&%"5)* #A,* e,%/)A/)* O=7',M)* 9),&)Q* )&* #A,*
-%"'$A&%7.-* O=7',M)-* ,7'/)* )&* M$)')Q1* f7'-* 7M-),97.-* M%).* $)* =A,A=&8,)* >5&5,7/8.)* ,)#,7('%&* #A,* $)-*










+.&0/" 12/$%&'(%&)*"02.*/"(.%5/">(5&(E1/" @3)5)$&%,?" &'3,0(*4/"(4).$%&-./?" /%4CBC"H/" $)*%" 1/$"',%A)0/$"0/"
4)75&+/(+/")."4)$&'.1(%&)*"-.&".%&1&$/*%"1("$&$'&-./"4)''/"0)**,/$"A*#,%7,%C"
D/"4)75&+/(+/"/$%".*/"',%A)0/"02&*%/53)1(%&)*"3/5'/%%(*%"0/"4)'E&*/5"31.$&/.5$"$).54/$"02&*8)5'(%&)*C"
D(" 8)5'/" 1(" 31.$" 4).5(*%/" /$%" 1/" 4)75&+/(+/" =" 0/.<" >(5&(E1/$" -.&" 4)55/$3)*0" =" 12&*%/53)1(%&)*" 02.*"
3(5('6%5/"="12(&0/"0/$"3)&*%$"4)**.$"0/"4/"'P'/"3(5('6%5/"@>(5&(E1/"35&'(&5/B"/%"0/$">(1/.5$"02.*"(.%5/"
3(5('6%5/"@>(5&(E1/"$/4)*0(&5/B"1)4(1&$,/$"/*"4/$"'P'/$"3)&*%$"/%z)."/*"02(.%5/$"3)&*%$C"
D/" 4)75&+/(+/" (" ,%," 0,>/1)33," 0(*$" 1/$" (**,/$" !dge" 3).5" 0/$" (331&4(%&)*$"'&*&65/$C" qV)F/*?" !d__r" ("
$).'&$"3).5"1("35/'&65/"8)&$"12&0,/"-./"4/%%/"',%A)0/"3).>(&%"P%5/".%&1&$,/"3).5"/$%&'/5"1("3)5)$&%,"02.*"
5,$/5>)&5" /*" .%&1&$(*%" 1/$" 1)+$" 0/" 3)5)$&%," 0/$" 3.&%$" /%" 12&'3,0(*4/" (4).$%&-./" 4(14.1,/" 3(5" &*>/5$&)*"
$&$'&-./C"









4)*;)&*%/" 0/$" >(5&(E1/$" /*%5/" /11/$C" D/$" 5/1(%&)*$" /*%5/" 1/$" >(5&(E1/$?" 'P'/" $&" /11/$" $)*%" E&/*"
0,45&%/$"/*"%A,)5&/?"3/.>/*%"$2(>,5/5"0,1&4(%/$"0(*$"0/$"4($"5,/1$"@4)''/"1("3)5)$&%,"/*"8)*4%&)*"
0/"12&'3,0(*4/"(4).$%&-./BC"
!! 35/*05/"/*"4)'3%/" %).%/" 12&*8)5'(%&)*"0/" 1("$&$'&-./"@0)**,/"35,$/*%/"3(5%).%B?"4/"-.&"3)$/".*"
35)E16'/"0/"%(&11/"0/">)&$&*(+/"="4(.$/"0/"12,*)5'/"-.(*%&%,"0/"0)**,/$"$&$'&-./$C"
O1.$&/.5$" $&'31&8&4(%&)*$")*%" ,%," 35)3)$,/$" 3).5" $2(885(*4A&5" 0." 35)E16'/" 0/" %(&11/" 0/" >)&$&*(+/"X" 1/"
4)75&+/(+/" 4)1)4(1&$," qM." )&* A$1?" !ddQr" /%" qH)1,).?" QeeQ(r?" 1/" 4)75&+/(+/" '.1%&I4)1)4(1&$," qHA&16$" /%"
V/18&*/5?"!dddr")."1/"4)75&+/(+/"8(4%)5&/1"qH)1,).?"QeeQErC"
D/" 4)75&+/(+/" /$%" 4)''/" .*/" /$%&'(%&)*" -.&" 8).5*&%" .*" 5,$.1%(%" 1&$$/C" J).$" 35,8,5/5)*$" .%&1&$/5" 0/$"
$&'.1(%&)*$?"0)*4"0/$"4)$&'.1(%&)*$"3).5"*)%5/"',%A)0)1)+&/C"D/$"4)$&'.1(%&)*$"3/.>/*%"P%5/"0,8&*&/$"0/"
0&88,5/*%/$"'(*&65/$"X"




!! 1(" $&'.1(%&)*" $).$" 4)*%5(&*%/" 02&*%/5>(11/$" 0,3/*0(*%" 02.*/" (.%5/" >(5&(E1/" @&*8)5'(%&)*" $.5" 1("
')F/**/"1)4(1/"3(5"/</'31/BC"
!! 1("$&'.1(%&)*"4)*0&%&)**/11/"/*"4($4(0/"X"="3(5%&5"0/"1("35/'&65/"$&'.1(%&)*"0/"1("3)5)$&%,?"02(.%5/$"
>(5&(E1/$" 3/.>/*%" P%5/" +,*,5,/$" @3/5',(E&1&%,?" $(%.5(%&)*?" /%4CB" 3(5" $&'.1(%&)*" $.44/$$&>/C"H/%%/"





(**,/$C" qU(5(*%)1(?" !d_hr" /%" qV.&;*0('?" !d__r" )*%" 35)3)$," 12(335)4A/" 0,%/5'&*&$%/" E($,/" $.5"
12)3%&'&$(%&)*C"
D/$"(**,/$"!dde")*%">.",'/5+/5"12&0,/"02(331&-./5"1("%/4A*&-./"0/"$&'.1(%&)*"4)*0&%&)**/11/"="12&*>/5$&)*"
0/" 12&'3,0(*4/" (4).$%&-./" 3).5" )E%/*&5" 0/$" /*$/'E1/$" 0/" ')061/$?" %).$" 4)*%5(&*%$" 3(5" 1/$" 0)**,/$"
$&$'&-./$C"H/%%/"',%A)0/" /$%" 4)''.*,'/*%" (33/1,/" &*>/5$&)*" +,)$%(%&$%&-./C"V(*$" 4/" 4($" 1/$" 0)**,/$"
$&$'&-./$"$)*%">./$"4)''/"0)**,/$"("3)$%/5&)5&C"
D("',%A)0/"(",%,"E&/*"0,45&%/"3(5"q](($"/%"V.E5.1/?"!dd\rC"D2&*>/5$&)*"+,)$%(%&$%&-./"4)*$&$%/"="+,*,5/5"














$).>/*%" /$%&',/" 3(5" .*" 5,$&0." (." $/*$" 0/$" ')&*05/$" 4(55,$C" V(*$" 4/%%/" (335)4A/?" 1(" 4)*>/5+/*4/" 0."
5,$.1%(%" *2/$%" 3($" )E%/*./" 3(5" '&*&'&$(%&)*" 0/" 1(" 8)*4%&)*" /*" '/%%(*%" =" ;).5" 1/" ')061/" @4)''/" 3).5"
12&*>/5$&)*"$%5(%&+5(3A&-./"/*"+,)3AF$&-./B?"'(&$"/*"4A)&$&$$(*%"1("'/&11/.5/"5,(1&$(%&)*"0(*$".*"3(*/1"0/"
%5(4/$"$&'.1,/$C"
D/$" 3(5('6%5/$" $%(%&$%&-./$" -.&" 4)*%5(&+*/*%" 1(" $&'.1(%&)*" $)*%" 1/$" 'P'/$" -./" 3).5" 1(" $&'.1(%&)*"
+,)$%(%&$%&-./"41($$&-./?"42/$%I=I0&5/"1/">(5&)+5(''/"/%"1/$"4(5(4%,5&$%&-./$"$%(%&$%&-./$"0/"4A(-./"4).4A/C"
D/">(5&)+5(''/"1(%,5(1"3/5'/%"02)E%/*&5".*/"4)*%&*.&%,"1(%,5(1/"/*%5/"1/$"%5(4/$"/*"&'3,0(*4/C"
D2&*>/5$&)*"+,)$%(%&$%&-./"3/5'/%"02&*%,+5/5" 1("+5(*0/" 5,$)1.%&)*">/5%&4(1/"0/$"0)**,/$"0/"3.&%$" (>/4" 1("
1(5+/"4).>/5%.5/"0/$"0)**,/$"$&$'&-./$"qU)55/$IK/50&*")&*A$1?"!dddrC"
:*"0/$"35)E16'/$"'(;/.5$"0/"4/%%/" %/4A*&-./"/$%" 1/"*)'E5/"0/" 5,(1&$(%&)*$"*,4/$$(&5/$"3).5")E%/*&5".*"
5,$.1%(%" $(%&$8(&$(*%?"/%"0)*4".*/"/55/.5"/*%5/" 1/$"0)**,/$"$&'.1,/$"/%" 1/$"0)**,/$" 5,/11/$"(44/3%(E1/C"D("
3/58)5'(*4/" 0/" 4/%%/" ',%A)0/" /$%" 0&5/4%/'/*%" 1&,/" (." *)'E5/" 0/" 5,(1&$(%&)*$" /88/4%.,/$" 3).5" 4A(-./"





V(*$" 1/" 4(05/" 0/" 4/%%/" %A6$/?" *).$" (11)*$" 35)3)$/5" .*/" ',%A)0/" -.&" $2&*$45&%" 0(*$" 1(" 1&+*,/" 0/$"










/</'31/" 0/$" 0)**,/$" $&$'&-./$" $F*%A,%&-./$" =" 3(5%&5" 0." ')061/" /*" &'3,0(*4/" (4).$%&-./" (>/4" 1/$"















D(" +,)3AF$&-./" 4).>5/" 0/$" 0)'(&*/$" %56$" 1(5+/$" 4)''/" 12(4-.&$&%&)*" 0/$" 0)**,/$?" 1/$" 35,%5(&%/'/*%$?"
12/$%&'(%&)*"0."')061/"0/">&%/$$/?"12&'(+/5&/"$&$'&-./?"/%4C"
D("+,)$%(%&$%&-./?"$4&/*4/"31.$"5,4/*%/?"$2/$%"$)1&0/'/*%"3)$&%&)**,/"$.5"1/$"35)E16'/$"0/"4(5(4%,5&$(%&)*"
0/" 5,$/5>)&5" @4)''/" 12/$%&'(%&)*" 0/" 1(" +,)',%5&/" 0/$" 5,$/5>)&5$?" 1(" $&'.1(%&)*" 0/" 8(4&6$" +,)1)+&-./$B?"
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%).%/$"1/$"4)*%5&E.%&)*$"4)*%/*./$"0(*$"1/$"0)**,/$"(>(*%"$)''(%&)*C"
!! 1(" '&+5(%&)*" /*" 35)8)*0/.5" (>(*%" $)''(%&)*" =" ('31&%.0/" 35,$/5>,/" 3/5'/%" 0/" 5,$).05/" 1/"
35)E16'/" 0&5/4%" m" 1(" 35)3(+(%&)*" m" 0(*$" .*" 4A('3" 0/" >&%/$$/" A,%,5)+6*/" 5,(1&$%/?" /%" 3/5'/%"
02)E%/*&5"0/$"&'(+/$"'&/.<"8)4(1&$,/$"1)5$-./"1/$"Y)*/$"02&*%,5P%"$)*%"4)'31/</$C"
!! 1/$"',%A)0/$"02(*(1F$/"0/">(5&(%&)*"12('31&%.0/"-.&"$/5)*%".%&1&$,/$"3(5"1("$.&%/"8)*%"&*%/5>/*&5"0/$"
,-.(%&)*$" -.&" 0,3/*0(*%" 0/" 12(*+1/" 02&*4&0/*4/C" S5" 1(" '&+5(%&)*" OGO$Va" /88/4%./" .*/"
4)*>/5$&)*")88$/%I(*+1/" &'31&4&%/"3(5".*/" 1)&"0/">&%/$$/"RV?"0)*4"(3%/"="P%5/"/88/4%.,/"3).5"0/$"









5/-.&/5%" 0/$" 0)**,/$" $&$'&-./$"'&+5,/$" $3,4&8&-./$" @/<35&',/$" /*" 35)8)*0/.5" /%" /*" (*+1/?" ('31&%.0/$"








1/" 4(1(+/" (.<" 3.&%$C" H/1(" 4)*$&$%/" =" (88/4%/5" =" .*" *&>/(." +,)1)+&-./" .*" ,>,*/'/*%" $&$'&-./" %/1" -.2.*"
'(<&'.'").".*"'&*&'.'"02.*/"%5(4/C"
c,*,5(1/'/*%?"1/"4(1(+/"0."3.&%$"/$%"/88/4%.,"0/"1("8(y)*"$.&>(*%/"X"






















V(*$" 1/"4($"0/"4/%%/" %A6$/?" 1/$" 1)+$"0/"3.&%$"0)*%"*).$"0&$3)$)*$"$)*%"/<35&',$"$/1)*"1("35)8)*0/.5"-.&"
4)55/$3)*0"="1("35)8)*0/.5"5,/11/C"
L1"/$%" &'3)5%(*%"02/88/4%./5"4/"4(1(+/"/*"35)8)*0/.5"@$.5%).%"3).5"*)%5/"(331&4(%&)*"$.5"0)**,/$"5,/11/$B"
4(5"'(1+5," 1/$" 3/58)5'(*4/$" 0/" 1("'&+5(%&)*" /*" 35)8)*0/.5"'&$/" /*"v.>5/?" 1/" E)*" 3)$&%&)**/'/*%" 0/$"
A)5&Y)*$" /$%" %56$"0,3/*0(*%"0."')061/"0/">&%/$$/".%&1&$," /%" 0." 1&$$(+/"-.&"F" (" ,%," (331&-.," @4)*$,-./*%"
0(*$"*)%5/"4($"02&'(+/5&/"0/"%F3/"5(&""&54AA)88BC"









(1)5$" 0/" 0,8&*&5" (&$,'/*%" 1/$" 3)&*%$" 0/" 12&'(+/" '&+5,/" 0)*%" *).$" $).A(&%)*$" ')0&8&/5" 1("
35)8)*0/.5C"
!! (356$"(>)&5"5,8,5/*4,"1/$"3)&*%$"0/"12&'(+/"'&+5,/"-./"*).$"$).A(&%)*$"4(1/5"/*"35)8)*0/.5?"*).$"
4(14.1)*$" .*/" 8)*4%&)*" 02(*(')53A)$/" 1&$$/" -.&" >(" 3/5'/%%5/" 02($$)4&/5" =" 4A(-./" 3)&*%" .*/"
*).>/11/"35)8)*0/.5"/*"8)*4%&)*"0."4)*0&%&)**/'/*%"&'3)$,C"#*"/88/%?"31.%N%"-./"02/88/4%./5".*"


















(A.-* $A* MA.()* ()* 6,5?').=)* ()* $@%"A/)*"%/,5)Q* A'* =).&,)* )-&* ('#$%?'5* =%.?* 67%-_* )&* %$* )-&* ).&7',5* ()-*
&,A=)-*-%-"%?')-*).9%,7..A.&)-1*K)&*A66%=>A/)*#),")&*'.)*")%$$)',)*9%-'A$%-A&%7.*('*=A$A/)*J*)66)=&'),1*
"


































































D2,%(3/" $.&>(*%" 12&'(+/5&/" 4)*$&$%/" =" (*(1F$/5" 1(" 5,81/4%&>&%," /%" $(" >(5&(%&)*" (>/4" 12(*+1/C" #*" /88/%"
12,>)1.%&)*"0."4)/88&4&/*%"0/"5,81/<&)*"(>/4"12(*+1/"/$%"0,3/*0(*%/"0/$"4).4A/$"-.&")*%",%,"="12)5&+&*/"0/"
1("5,81/<&)*?"/%"/11/"/$%"4(5(4%,5&$,/"3(5"0/$"(%%5&E.%$"-./"*).$"(11)*$"0,8&*&5C"
H/%%/" 3(5%&/" (" 3).5" E.%" 0/" 35,$/*%/5" 12/*$/'E1/" 0/$" %5(&%/'/*%$" -.&" >)*%" *).$" 3/5'/%%5/" 02)E%/*&5" 1/$"














!! 35,%5(&%/'/*%"0/$"0)**,/$" $&$'&-./$"X" (%%,*.(%&)*"0/$"0&$%)5$&)*$"0/$">(5&(%&)*$"02('31&%.0/"*/"
4)55/$3)*0(*%" 3($" (." 4A(*+/'/*%" 0/" 5,81/4%&>&%," (>/4" 12)88$/%?" 4)55/4%&)*" 0/" 1(" 0&>/5+/*4/"




GKS" (356$" 4/%%/" '&+5(%&)*?" 4/" -.&" /$%" 31.$" 3/58)5'(*%" -.2(356$" 0/$" $/.1/$" 4)55/4%&)*$"
0F*('&-./$"JaSC"
!! $,1/4%&)*" 0/$" ('31&%.0/$" =" %/'3$" 4)*$%(*%" /*" 8)*4%&)*" 0/" 12)88$/%" 0/$" 0)**,/$" $&$'&-./$"
35,%5(&%,/$C" V/$" 8)5'.1/$" 4)''/" 4/11/" 35)3)$,/" 3(5" qW(10/*?" !dd!r" 3/5'/%%/*%" 02/<35&'/5"
12(*+1/"02&*4&0/*4/"/*"8)*4%&)*"0/"12)88$/%C"
!! 1/$" (%%5&E.%$" GKG" $)*%" /$%&',$" 3(5" 5,+5/$$&)*" 1&*,(&5/" =" 3(5%&5" 0/$" >(1/.5$" 0/" 5,81/4%&>&%," /*"
8)*4%&)*"0/"12(*+1/C"
H/$"',%A)0/$"41($$&-./$"35,$/*%/*%"31.$&/.5$"1&'&%(%&)*$"X"
!! 1/$" 4)55/4%&)*$" 02('31&%.0/" */" 3/5'/%%/*%" 3($" 8)54,'/*%" 02,1&'&*/5" 1/$" >(1/.5$" 8(.$$/$" 0/$"
0)**,/$"$&$'&-./$"X"1("4)55/4%&)*"0/"0&>/5+/*4/"$3A,5&-./"/$%"&*$%(E1/C"




O(5" 5(33)5%" (.<" ',%A)0/$" .$./11/$?" q#+5/%/(.?" Qeefr" 35)3)$/" .*/" ',%A)0/" 02&*>/5$&)*" 1/" 1)*+" 0/"
%5(;/4%)&5/$" 0(*$" 1/" 0)'(&*/" '&+5," /*" (*+1/C" #11/" 3/5'/%" 02)E%/*&5" 0/$" $/4%&)*$" GKG" $3,4&8&-./$?"
(.<-./11/$"*).$"(0(3%/5)*$"1("',%A)0/"0/"$&'.1(%&)*"0/"12&'3,0(*4/"(4).$%&-./"-./"*).$"/'31)&/5)*$C"
H/%%/",%(3/"$/5("0,45&%/"0(*$"1("$.&%/"0/"4/"',')&5/C"
D/$" ,-.(%&)*$" 0/" qi)/335&%Y?" !d!dr" 3/5'/%%/*%" 1/" 4(14.1" 0/" 1(" >(5&(%&)*" 0." 4)/88&4&/*%" 0/" 5,81/<&)*" /*"
8)*4%&)*"0/" 12(*+1/C"a(&$" 1/.5" 4)'31/<&%," ('6*/5("="35,$/*%/5"0/$" (335)<&'(%&)*$"-.&" $)*%"0/$" 8)5'/$"
1&*,(5&$,/$"/%"$)*%">(1(E1/$"3).5"0/$"4($")t"*).$"$.33)$)*$".*"4)*%5($%/"8(&E1/"0/$"3(5('6%5/$",1($%&-./$"












J).$"3(5%)*$"0/" 1(" 5,81/4%&>&%,"'&+5,/"/*"35)8)*0/.5"="4A(-./"3)&*%"LC" " L1"F"(" %5)&$"4A/'&*$"35&*4&3(.<"





















D/$" 35/'&65/$" ,%.0/$" $&$'&-./$" 0/$" 5,$/5>)&5$" */" 8(&$(&/*%" &*%/5>/*&5" -./" 0/$" 0)**,/$" $&$'&-./$" (.<"
)88$/%$"($$/Y"8(&E1/$"X"12&*8)5'(%&)*"*2,%(&%"/<%5(&%/"-.2="3(5%&5"0/"-./1-./$"%5(4/$"$)'',/$C"
D2(>6*/'/*%"0/$"(4-.&$&%&)*$"$&$'&-./$"(.<")88$/%$"'.1%&31/$"("/*%5(u*," 1("'&$/"(."3)&*%"0/"12,%.0/"0/$"
>(5&(%&)*$" 0." 4)/88&4&/*%" 0/" 5,81/<&)*" (>/4" 1/" 0,3)5%?" 4p/$%I=I0&5/" 12(*(1F$/" G'31&%.0/" K/5$.$" S88$/%"
@GKSB")."G'31&%.0/"K/5$.$"G*+1/"@GKGBC"
#*" /88/%?" 12,>)1.%&)*" 0/" 12('31&%.0/" 0." 4)/88&4&/*%" 0/" 5,81/<&)*" /*" 8)*4%&)*" 0/" 12)88$/%" )." 0/" 12(*+1/"
02&*4&0/*4/" 0,3/*0" 0/$" 3(5('6%5/$" 3,%5)3AF$&-./$" @>&%/$$/$" $&$'&-./$" 0/" 35)3(+(%&)*" 0/$" )*0/$" /%"
0/*$&%,B"0/$"4).4A/$"$&%.,/$"0/"3(5%"/%"02(.%5/"0/"1("0&$4)*%&*.&%,"-.&"0)**/"*(&$$(*4/"="1("5,81/<&)*C"




D2,>)1.%&)*"0." 4)/88&4&/*%" 0/" 5,81/<&)*" /*" 8)*4%&)*"0/" 12(*+1/" /$%" 8)5%/'/*%" (88/4%,/" 3(5" 1/" 5(33)5%" 0/$"
4)/88&4&/*%$"0/"O)&$$)*"0/$"0/.<"'&1&/.<"!"/%"QC"
D/"4)/88&4&/*%"0/"O)&$$)*?"/$%&',"&*0&5/4%/'/*%"3(5"12,>)1.%&)*"0."4)/88&4&/*%"0/"5,81/<&)*"/*"8)*4%&)*"0/"
12)88$/%" )." 0/" 12(*+1/" 02&*4&0/*4/?" 3/5'/%" 02(44,0/5" (.<" &*8)5'(%&)*$" -.(*%&%(%&>/$" $.5" 1/$" 3(5('6%5/$"
3,%5)3AF$&-./$" 0/$" '&1&/.<" %5(>/5$,$?" '(&$" (.$$&" $.5" 1/$" ,>/*%./1$" AF05)4(5E.5/$" 35,$/*%$" 0(*$" 1/"























6%/',)* ;H*\* I7(8$)* ()* MA-)* ()* $@!+P*\* ()'L* "%$%)'L* 5$A-&%?')-_* -)"%b%.6%.%-_* %-7&,7#)-_* >7"7/8.)-*













# & # &
+,- +,- +,- +,-+ 5 5+
6 6 . .3 3 3 3
$ $ $ $
# # # "
D/" 4)/88&4&/*%" 0/" 5,81/<&)*" 0/" 12)*0/"O" 5,81,4A&/"XFF" /*" 8)*4%&)*" 0/" 12(*+1/" 02&*4&0/*4/"&F,*/$%" 0,8&*&"
4)''/" 1/" 5(33)5%" 0/" 12('31&%.0/" 0/" 12)*0/" O" 5,81,4A&/" $.5" 12('31&%.0/" 0/" 12)*0/" O" &*4&0/*%/C" D/"
4)/88&4&/*%"0/"%5(*$'&$$&)*"0/"12)*0/"O"%5(*$'&$/"<FF"/$%"0,8&*&"4)''/"1/"5(33)5%"0/"12('31&%.0/"0/"12)*0/"
O" %5(*$'&$/" $.5" 12('31&%.0/" 0/" 12)*0/" O" &*4&0/*%/C" D/$" 4)/88&4&/*%$" 0/" 5,81/<&)*" /%" 0/" %5(*$'&$$&)*" 0/"
12)*0/" ^" $)*%" 4(14.1,$" 0/" '(*&65/" (*(1)+./" (>/4" 1/$" ('31&%.0/$" 0/$" )*0/$" ^" &*4&0/*%/?" 5,81,4A&/$" /%"
%5(*$'&$/$C"
^&"*).$"4)*$&0,5)*$" 12&*4&0/*4/"*)5'(1/?" 4p/$%I=I0&5/"&F,""e?" 1/"4)/88&4&/*%"0/" 5,81/<&)*"XFF" /$%" 8).5*&"
3(5"X"
& & # # & #
& & # # & #
6 6 6 6
77
6 6 6 6
3 3 8 8
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)t" 0F3" /%" 0F;" $)*%" 1/$" &'3,0(*4/$" (4).$%&-./$" 0/$" )*0/$"O" 3).5" 1/$"'&1&/.<" (.I0/$$.$" /%" /*" 0/$$).$" 0/"
12&*%/58(4/C"
D/"4)/88&4&/*%"0/"%5(*$'&$$&)*"<FF"/$%"0)**,"="&*4&0/*4/"*)5'(1/"3(5"X" #77 779 *# " "
G356$" (>)&5" 0,8&*&" 1/$" 4)/88&4&/*%$" 0/" 5,81/<&)*" /%" 0/" %5(*$'&$$&)*" =" &*4&0/*4/" *)5'(1/?" *).$" (11)*$"

























H/$" ,-.(%&)*$" $)*%" 4)'31/</$" /%" 1/.5" /<31)&%(%&)*" /$%" 0&88&4&1/?" &1" /$%" 0&88&4&1/" /%" 02,>(1./5" 4)''/*%" 1("
>(5&(%&)*" 02.*" 0/" 1/.5$" 3(5('6%5/$" @>&%/$$/" 0/" 35)3(+(%&)*" 0/$" )*0/$" O" /%" ^" )." 0/*$&%,B" >(" (88/4%/5" 1/"





0/$" (%%5&E.%$" GKG" $/" 8(&%" 3(5" 5,+5/$$&)*" 1&*,(&5/C" U).%/$" 1/$" (335)<&'(%&)*$" )*%" ,%," ,%(E1&/$" $).$"
12AF3)%A6$/"-./"1/$"4)*%5($%/$"0/$"3(5('6%5/$",1($%&-./$"$)*%"8(&E1/$C"
D(" 5,+5/$$&)*" 1&*,(&5/" /$%" A(E&%./11/'/*%" /$%&',/" 3(5" 1(" ',%A)0/" 0/$" ')&*05/$" 4(55,$C" H/%%/" ',%A)0/"
4)*$&$%/"="&*>/5$/5"1("5/1(%&)*"SOLQ*a*AL*h*M"3).5"/$%&'/5"1/$"3(5('6%5/$"A"/%"MC"











L’approximation de [Bortfeld, 1961] :"H2/$%" 1("35/'&65/"(335)<&'(%&)*"-.&"(",%,"35)3)$,/C"#11/"*2/$%"
>(1(E1/" -./" 3).5" 0/$" '&1&/.<" $,0&'/*%(&5/$" 41($%&-./$" )t" 1/$" 4)*%5($%/$" 0/$" 3(5('6%5/$" ,1($%&-./$" 0/$"
0&88,5/*%/$"4).4A/$"$)*%"8(&E1/$C"q]&1%/5'(*?"Qee!r"/*"("35)3)$,".*/">/5$&)*"')0&8&,/"X"
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L’approximation de [Aki-Richards, 1980] :"/11/"/$%".*/"8)5'/" 1&*,(5&$,/"0/$",-.(%&)*$"0/"qi)/335&%Y?"
!d!drC"9/0,8&*&/"="3(5%&5"0/"1("8)5'.1(%&)*"0/"q`)5%8/10?"!dg!r?"/11/"/<35&'/"1("5,81/4%&>&%,"0/"12&*%/58(4/"
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L’approximation de [Shuey, 1985]" /$%" 4/11/" -./" *).$" (11)*$" .%&1&$/5C" #11/" 5/35/*0" 4/11/" 0/" qG7&I
9&4A(50$?"!d_er"/%"12/<35&'/"1("')F/**/"0/$"(*+1/$"0/"5,81/<&)*"/%"0/"%5(*$'&$$&)*""/*"8)*4%&)*"0/"&X"
& & &
'! " +,- ! " !23- +,- "* * : -$ $ $ $& $ $ " " "
#11/"8(&%"(33(5(u%5/"%5)&$"3(5('6%5/$"X"
"








































D2,-.(%&)*"0/"^A./F?" 4)**./" 4)''/" 12,-.(%&)*"GKG" %5)&$" %/5'/$" 0/"^A./F" /<35&'/" 1/" 4)/88&4&/*%" 0/"
5,81/4%&>&%," 0." $).$I$)1" >(5&(E1/" (>/4" 12(*+1/" 02&*4&0/*4/"&C" #11/" */" %&/*%" 3($" 4)'3%/" 0." 5(33)5%"+-n+#?"
42/$%"3).5"4/%%/"5(&$)*"-.2/11/"/$%"12(335)<&'(%&)*"1("31.$"4).5(''/*%".%&1&$,/C"
D/$"0/.<"3(5('6%5/$" &*%/54/3%" /%"+5(0&/*%" $)*%" 1/$" (%%5&E.%$"GKG"-.&" $/5)*%" ('31/'/*%".%&1&$,$"0(*$" 1("
$.&%/"0."%5(>(&1C"J).$"35,$/*%/5)*$"1/.5".%&1&%,"4).5(*%/"0(*$"1/$",%.0/$"0/"5,$/5>)&5$C"
"




































































3 # " "
qc&01)T"/%"^'&%A?"QeeRr")*%"5/0,8&*&"1/"8(4%/.5"0/"81.&0/"="12(&0/"0/$">(1/.5$"02&*%/54/3%"/%"0/"+5(0&/*%C":*"
(*+1/"%"/$%"0,8&*&"/*%5/"12(</"&*%/54/3%"/%"1("1&+*/"0/"E)./"@>)&5"3(5(+5(3A/"*LLLCQCQ"3).5"1("0,8&*&%&)*"0/"1("















4 # " 4
"
D/"8(4%/.5"0/"81.&0/"4)55/$3)*0"="1("0&88,5/*4/"/*%5/"1/$"0)**,/$"/%"1("%/*0(*4/"+,*,5(1/?"02)t"X"
' +,-! " )*+! "? * :3 # 4 $ 4 "
^&"!!"/$%"35)4A/"0/"Y,5)?"1/"'&1&/."/$%"$(%.5,"/*"/(.?"/%"$2&1"/<&$%/"0/$"5)4A/$"$(%.5,/$"/*"AF05)4(5E.5/?"!!"
$/5("*,+(%&8"(."%)&%"0."5,$/5>)&5C"








/%" +5(0&/*%"cC"D2.%&1&$(%&)*" .$./11/" 0/" 4/$" 5,$.1%(%$" 4)*$&$%/" =" 1/$" 5/35,$/*%/5" $.5" .*"+5(3A&-./" 12.*"3(5"
5(33)5%"="12(.%5/C"H/%%/"5/35,$/*%(%&)*"/$%"(33/1,/"=,7--b#$7&C"






































!! Classe II @XD"&"e"/%"c""eB"X"$(E1/$"0/"4)*%5($%/"02&'3,0(*4/"35/$-./"*.1"(>/4"12/*4(&$$(*%C"H/$"
$(E1/$" $)*%" ')&*$" 4)*$)1&0,$" -./" 1/$" $(E1/$" 0/" 41($$/" L?" /%" &1$" $)*%" ')0,5,'/*%" 4)'3(4%,$"
@3)5)$&%,"0/"!f"="Qf"BC"H/$"$(E1/$"$)*%"$).>/*%"0&88&4&1/$"="0&$%&*+./5"$.5"1/$"$/4%&)*$"$)'',/$"



















































D2&*>/5$&)*" GKG" (" 3).5" 35&*4&3/" 02(*(1F$/5" 1(" >(5&(%&)*" 0/" 1(" 5,81/4%&>&%," /*" 8)*4%&)*" 0/" 12(*+1/"
02&*4&0/*4/"/%"0)*4"0/"4(14.1/5"1(">(1/.5"0/$"(%%5&E.%$"&*%/54/3%"/%"+5(0&/*%"@/%"02(.%5/$"$&"*,4/$$(&5/$BC"s"
3(5%&5"0/" 1("4)**(&$$(*4/"0/" 1(">(1/.5"0/" 1(" 5,81/4%&>&%,"/*"4A(-./"3)&*%"0/" 1("Y)*/",%.0&,/?"/%"/<35&',/"
$/1)*" 12(*+1/?" .*/" ',%A)0/" 02&*>/5$&)*" 1&*,(&5/" /$%" .%&1&$,/" 3).5" 4(14.1/5" 1/$" (%%5&E.%$" GKGC" J).$"




















































































1(" 5,81/4%&>&%," (>/4" 12(*+1/" 02&*4&0/*4/C" D/$" A)5&Y)*$" $)*%" E&/*" 5/35,$/*%,$" /%" 4)*%&*.$?" $.5%).%" 0(*$" 1("
$/4%&)*" &*%/54/3%C" D(" $/4%&)*" +5(0&/*%" 3/5'/%" 02&*%/535,%/5" 1/$" (*)'(1&/$" E&/*" >&$&E1/$" $.5" 1(" $/4%&)*"
&*%/54/3%"@4)''/"12,>,*/'/*%"8)5%"(33(5(&$$(*%"/*"0/$$).$"0/"!"eee"'6%5/$"0/"35)8)*0/.5BC"
:*"/</'31/"0/"5/35,$/*%(%&)*"+5(3A&-./"0."+5(0&/*%"/*"8)*4%&)*"0/"12&*%/54/3%"/$%"')*%5,"$.5"1("8&+.5/"ReC"













4)A,5/*4/" /%" 12&*%/535,%(%&)*" -.&" /*" /$%" 8(&%/" 0,3/*0/*%" %56$" 1(5+/'/*%" 0/" 1(" -.(1&%," 0." %5(&%/'/*%"




D/$" 5,$.1%(%$" 0/" 1(" '&+5(%&)*" /*" 35)8)*0/.5" /88/4%.,/" 3/.>/*%" 8(&5/" (33(5(u%5/" 0/$" /55/.5$?" *)%(''/*%"
3).5"1/"8)5'(1&$'/"0/"i%,=>>766*-.&".%&1&$/".*"')061/"0/">&%/$$/"%56$"1&$$/C"



















V(*$" 1/" E.%" 0/" 8).5*&5" 1/$"'/&11/.5$" 5,$.1%(%$" -.(*%" =" 12/$%&'(%&)*" 0/$" 3(5('6%5/$" &*%/54/3%" /%" +5(0&/*%?"














4)*$,4.%&>/$" (>/4"0/$" ,>,*/'/*%$"3)$&%&)**,$" =" 1("'P'/"35)8)*0/.5" /%" *)*"E5.&%,$")*%" 0/$">(1/.5$"0/"
4)A,5/*4/"35)4A/C"
D(" 1&'&%/" 0/" Y)*/" @(33/1,/" =7,,%(7,* "'&)B" /$%" (&*$&" 0,8&*&/" 3(5" 1/$" >(5&(%&)*$" (E5.3%/$" 0/" 12&'(+/" 0/"
4)A,5/*4/"/*".%&1&$(*%"$("0,5&>,/C"




















0/$"(%%5&E.%$"GKG"-.&"$)*%" $).>/*%"31.$",1/>,/$"-./"4/11/$"35)0.&%/$"3(5" 12,%&5/'/*%"0/" 12)*0/1/%%/"(.<"
(*+1/$"1)&*%(&*$C"
D2/$%&'(%&)*"0/"4/%%/"0,>&(%&)*"/*"35)8)*0/.5"/$%"/88/4%.,/"/*"/$%&'(*%"%A,)5&-./'/*%"/%"/*"0,%/4%(*%"1/$"
>(5&(%&)*$" 0/" 5,81/4%&>&%," 1/" 1)*+" 0/$" ,1,'/*%$" 0/$" L$)IM" (>/4" 1(" %/4A*&-./" 0." <,AN)=&7,S* I79)bP'&"
@UaSB""35)3)$,/"3(5"q#+5/%/(.?"QeefrC"
Hp/$%I=I0&5/"-./"3(5%(*%"02.*/"35/'&65/">(1/.5"&*&%&(1/"XDO&%DQ"4(14.1,/"3(5".*/"35/'&65/"&*>/5$&)*"GKG?"
*).$" 4(14.1)*$" 1(" >(1/.5" %A,)5&-./" $.&>(*%/"XDO&%Dh3Q" $/1)*" 12(*+1/" 45)&$$(*%" =" 12(&0/" 0/" 12,-.(%&)*" %5)&$"
%/5'/$" 0/" ^A./F?" /%" *).$" 0,%/4%)*$" 1(" >(1/.5" 0." >)&$&*(+/" 1(" 31.$" $&'&1(&5/C" H/1(" 5/>&/*%" =" 8(&5/" .*/"













#*" 31.$" 0/" 4)*$&0,5/5" 1/$" >(1/.5$" 0/" 5,81/4%&>&%," 1/$" 31.$" $w5/$?" 4/%%/" %/4A*&-./" 35,$/*%/" 31.$&/.5$"
(>(*%(+/$"X"





































À partir de la valeur 
initiale






Détection + inversion 








5,81/4%/.5C" D(" 8&+.5/" RR" 5/35,$/*%/" 0/.<" 4)'3(5(&$)*$" 0/$" >(1/.5$" 0/" 5,81/4%&>&%," /<%5(&%/$" 0(*$" 1/" 4($"
41($$&-./"/%"1/"4($"UaSC"J).$")E$/5>)*$"1/$">(1/.5$"0/"5,81/4%&>&%,"3)&*%,/$"%56$"0&88,5/*%/$?"$.5%).%"3).5"
























D(" $,1/4%&)*" 0/" 4A(4.*" 0/$" ,1,'/*%$" 0/" 4/" $-./1/%%/" /$%" /*" 8(&%" 0&5/4%/'/*%" E($,/" $.5" 1(" >(1/.5" 0/"
12&*%/54/3%" 4)55/$3)*0(*%C" O(5" /<%/*$&)*?" &1" /<&$%/" 3).5" 4A(4.*" 0/" $/$" ,1,'/*%$" .*/" /$%&'(%&)*" 0/$"




4)'3(5)*$" =" .*" 3)&*%," 0/$" ,>,*/'/*%$" 5,(1&$,$" $.5" .*/" $/4%&)*" $)'',/" (356$" '&+5(%&)*?" 3/5'/%"
02,1&'&*/5"(.%)'(%&-./'/*%"1/$"3)&*%,$"-.&"*2(.5(&/*%"(.4.*/"$&+*&8&4(%&)*"+,)3AF$&-./C"
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D2/$%&'(%&)*"0/$"3(5('6%5/$"GKG"&*%/54/3%"/%"+5(0&/*%"/$%"/88/4%.,/" 1/" 1)*+"0/$" %5(;/4%)&5/$?"0)*4"3).5"
4A(4.*" 0/$" ,1,'/*%$" 0." $-./1/%%/" +,)',%5&-./C" #*" 4)*$,-./*4/?" &1" /<&$%/" .*" $-./1/%%/" &*%/54/3%" /%" .*"
$-./1/%%/"+5(0&/*%?"/.<"(.$$&"/<35&',$"/*"35)8)*0/.5C"
D("8&+.5/"Rg"5/35,$/*%/".*"$-./1/%%/"+,)',%5&-./"4(14.1,"3(5"12&*>/5$&)*"GKG"="12(&0/"0/$"%5(;/4%)&5/$C"D("




















































































6%/',)*2U*\*X)#,5-).&A&%7.*('*/,A#>%?')* %.&),=)#&n/,A(%).&*-',*'.*)L)"#$)*()* $A*"j")*`7.)*?')*-',* $A*
6%/',)*2D*).*'&%$%-A.&* $A*"5&>7()*()-* &,AN)=&7%,)-*<IP1*0$*)-&* %=%*#$'-* 6A=%$)*()*(%-&%./'),* $)-*(%665,).&-*












')061/" /*" &'3,0(*4/" (4).$%&-./C" D(" $&'.1(%&)*" 0/" 12&'3,0(*4/" (4).$%&-./" $/5(" /88/4%.,/" =" 3(5%&5" 0/$"
0)**,/$" 0/" 3.&%$" 0(*$" 0/$" 4).4A/$" -.&" 0,1&'&%/*%" 1(" $/4%&)*" ,%.0&,/" /%" -.&" $/5)*%" 0,8&*&/$" (>/4" 1/$"
$-./1/%%/$" &*%/54/3%" /%" +5(0&/*%C" L1" /$%" 0)*4" &*0&$3/*$(E1/" 0/" 0&$4.%/5" 0/" 1/.5" 8&(E&1&%," /%" 0/$" >,5&%(E1/$"
&*8)5'(%&)*$"-.2&1$"8).5*&$$/*%"(.<"*&>/(.<"-.(*%&%(%&8$"/%"-.(1&%(%&8$C"






!! &1"*/"3/.%"4)*%/*&5"-./"1/$"$%5.4%.5/$"$.5" 1/$-./11/$" 1/$")*0/$"$/"$)*%"5,81,4A&/$"(."4).5$"0/"1/.5"
35)3(+(%&)*C"











!! D("35/'&65/" &*>/5$&)*"GKG"-.&"4(14.1/" 1("35/'&65/">(1/.5"0/"5,81/4%&>&%,"="3(5%&5"0/" 1(-./11/" 1("
%5(;/4%)&5/" /$%" 0,8&*&/" /$%" /88/4%.,/" $.5" 1(" $/4%&)*" &*%/54/3%" 31/&*/C" S5" 4/%%/" $/4%&)*" 4)*%&/*%"
12)*0/1/%%/"$&$'&-./?"4/"-.&">/.%"0&5/"-./"0/$"1)E/$"(33(5(&$$/*%"0/"3(5%"/%"02(.%5/$"0/$"5,81/4%/.5$"
35&*4&3(.<C"a(1+5," 1/" $/.&11(+/" &'3)$," 1)5$" 0/" 1(" 0,%/4%&)*" 0/$" 5,81/4%/.5$" 35&*4&3(.<" 3).5" 1/"
4(14.1"0/$"%5(;/4%)&5/$?"4/5%(&*$"1)E/$"3/.>/*%"P%5/"35&$"/*"4)'3%/"/%"(33(5(u%5/"0(*$"1/"$-./1/%%/C"





J).$"35)3)$)*$"0/"0,8&*&5" 0/$" 45&%65/$"0/"-.(1&8&4(%&)*" 1&,$"02.*/"3(5%" =" 12)5+(*&$(%&)*"+,)',%5&-./"0."
$-./1/%%/"/%"02(.%5/"3(5%"="1("')53A)1)+&/"0/$"%5(;/4%)&5/$"0/"12L$)IM"($$)4&,/$"(.<",>,*/'/*%$C"
"
Isolement des éléments 
D/" 35/'&/5" 45&%65/" /$%" ($$)4&," =" 12)5+(*&$(%&)*" +,)',%5&-./" 0." $-./1/%%/C" J).$" 4)*$&0,5)*$" -./" 0/$"
,>,*/'/*%$" 0." $-./1/%%/" %5)3" &$)1,$" 3(5" 5(33)5%" =" 1/.5$" >)&$&*$" 3/.>/*%" P%5/" ,1&'&*,$" @8&+.5/" \eBC" H(5"
'P'/"$2&1"/$%"3)$$&E1/"-.2&1$"5/35,$/*%/*%".*/"5,/11/"$&+*(%.5/"0./"="0/$",>,*/'/*%$"1)4(.<?"&1$"3/.>/*%"









































3/%&%/$" */" 3/.>/*%" P%5/" 8&(E1/$C" #*" /88/%?" 0(*$" 4/" 4($?" 12&*>/5$&)*"GKG" /$%" /88/4%.,/" (>/4" %5)3" 3/." 0/"
3)&*%$" 4)*0&%&)**(*%$" /%" /$%" 0)*4" &*$%(E1/C" J).$" *2(>)*$" -.2.*/" 4)*8&(*4/" 1&'&%,/" /*>/5$" 1/$" >(1/.5$"
02&*%/54/3%" /%" +5(0&/*%" ($$)4&,/$?" *).$" *2,1&'&*)*$" 3($" 12,>,*/'/*%" '(&$" *).$"1.&" ($$)4&)*$" .*/"
&*4/5%&%.0/",1/>,/C"
:*"/</'31/"0/"$/4%&)*"0/"+(''/"(*+.1(&5/"/$%"35,$/*%,"$.5"1("8&+.5/"\QC"J).$"3).>)*$"F"(3/54/>)&5"X"







6%/',)* H3*\* K,%&8,)-* ()* ?'A$%&5* ()-* &,AN)=&7%,)-* 9')-* -',* '.* 0-7bs* )&* ?'%* -7.&* A--7=%5)-* J* =>A='.* ()-*








































V/" 1("'P'/"'(*&65/" -./" 1(" +(''/?" *).$" 4(14.1)*$" 1(" k"0,8)5'(%&)*" (*+.1(&5/"l" @8&+.5/" \!BC"V(*$" .*"
35/'&/5" %/'3$" *).$" (>&)*$" /$%&'," 1(" k"0,>&(%&)*" (*+.1(&5/"l?" $)&%" 1(" 0,>&(%&)*" >/5%&4(1/" 0/" 4A(-./"
%5(;/4%)&5/"/*%5/"$/$"0/.<"/<%5,'&%,$C"V(*$"4/"4($?".*/"0,>&(%&)*"%5)3",1/>,/"3/.%"5/*$/&+*/5"$.5"12/55/.5"0/"






O).5" &11.$%5/5" 4/" 5(&$)**/'/*%?" *).$" 35)3)$)*$" .*" $4A,'(" @8&+.5/" \RBC" D/$" 0/.<" %5(;/4%)&5/$" G" /%" `"
35,$/*%/*%"1("'P'/">(1/.5"0/"0,>&(%&)*"/*"35)8)*0/.5"@V!B?"'(&$"0/$">(1/.5$"0/"+(''/"(*+.1(&5/"4).5%/"
@'B"/%"1)*+./"@(BC"D/"%F3/"0/"0,>&(%&)*"0/"1("%5(;/4%)&5/"G"("E/(.4).3"31.$"0/"5&$-./"0/"35)>/*&5"0/"12/88/%"











































































J).$" 35)3)$)*$" (&*$&" 3(5" 1/" E&(&$" 0/" 4/$" $/4%&)*$?" /%" 0)*4" 0/" 12(*(1F$/" 0/$" %5(;/4%)&5/$" 0/$" L$)IM?" 0/"
%5(*$'/%%5/" 12&*8)5'(%&)*" $.5" 1(" -.(1&%," 0." %5(&%/'/*%" +,)3AF$&-./" =" 1(" 4)*$%5.4%&)*" +,)$%(%&$%&-./" 0."
')061/"/*"&'3,0(*4/"(4).$%&-./C"
H/%%/" $)1.%&)*" 5/$%/" 0,1&4(%/?" $/*$&E1/" (.<" 35,%5(&%/'/*%$" /%" %F3/" 02&'(+/5&/" /'31)F,$" @0)*4" =" 1("


























































































6%/',)* HG*\* V)=&%7.-* %.=),&%&'()* -',* $A* #,767.()',_* $)-* 9A$)',-* ()-* A&&,%M'&-* !+!* )&* $A* #,7MAM%$%&5*



























L'(+&*)*$" -./" 1)4(1/'/*%?" 1(" ',%A)0/" 02&'(+/5&/" 8).5*&$$/" .*" 5,$.1%(%" 0/" 0/.<" &*%/58(4/$" %56$"
5(335)4A,/$?" 0/" 'P'/" ')53A)1)+&/" @4)*%&*.&%," 0(*$" 1/" 3/*0(+/?" 4)A,5/*4/" 0/" 1(" 35)8)*0/.5B" /%" 0/"
4(5(4%,5&$%&-./$"0/"5,81/4%&>&%,"$&'&1(&5/$C"
J).$"3).>)*$"&'(+&*/5"0/.<"$&%.(%&)*$"X"
!! .*/" Y)*/" /*" +(Y" $&%.,/" (.I0/$$.$" (" .*" /88/%" 1)4(1" 3/5%.5E(*%" $.5" 1(" 35)3(+(%&)*" 0/$" )*0/$"
$&$'&-./$?"&1"(33(5(u%"(1)5$"/*"4)*%5/E($".*/"Y)*/"81)./"35,$/*%(*%"(.4.*/")."3/."0/"5,81/4%&>&%,C"
L1" /$%" (1)5$" %).%" =" 8(&%" 3)$$&E1/" 0/" 4)*$%(%/5" .*/" &*%/58(4/" 4)'316%/" k"%5)*-.,/"l" /*" 0/$$).$" 0/"
4/%%/"(*)'(1&/"@8&+.5/"\g?"+(.4A/BC"
!! .*/"Y)*/"0/"$(E1/"0/"41($$/"LL?"$)&%"XD"&"e"/%*Y""e?"@4)*%5($%/"02&'3,0(*4/"35/$-./"*.1"(>/4"$)*"





























H)''/" *).$" 1/" >/55)*$" 1)5$" 0/" 1(" 35/'&65/" (331&4(%&)*?" 1/$" $-./1/%%/$" &*%/54/3%" /%" +5(0&/*%" $)*%"
4)'31,'/*%(&5/$" 3).5" 8).5*&5" 12&*8)5'(%&)*" $.5" 12)5+(*&$(%&)*" +,)',%5&-./" 0/" 1(" $/4%&)*" $&$'&-./?" /%"
*)%(''/*%" 3).5" /<%5(&5/" 1/$" A)5&Y)*$" -.&" 0,1&'&%/5)*%" 1/$" 4).4A/$" 0(*$" 1/$-./11/$" *).$" $&'.1/5)*$"
12&'3,0(*4/"(4).$%&-./C"
V(*$" 1/$" 4($" 41($$&-./$?" 1/" %5(>(&1" 02&*%/535,%(%&)*" $.5" .*/" $/4%&)*" $&$'&-./" $)'',/" */" 3/5'/%" 3($" 0/"






J).$" (>)*$" 0,>/1)33," .*" ).%&1" 0/" 3)&*%," -.&" (88&4A/" 1/$" $-./1/%%/$" &*%/54/3%" /%" +5(0&/*%" /%" -.&" 35/*0"
&*%5&*$6-./'/*%"/*"4)'3%/"1/$"&*4/5%&%.0/$"$.5"1/"3)$&%&)**/'/*%"/%"1/$">(1/.5$"02(%%5&E.%$C"
H/%" ).%&1" /$%" 4)*y." $).$" 8)5'/" 02.*" k"1)+&4&/1"l?" -.&" 5/-.&/5%" 1/$" $/4%&)*$" &*%/54/3%" /%" +5(0&/*%" 4)''/"
0)**,/$"02/*%5,/?"'(&$"-.&"3/.%"(.$$&"&*%,+5/5"1/$"$/4%&)*$"02&*4/5%&%.0/$C"D/"3)&*%,"0/"4A(-./"A)5&Y)*"/$%"
/88/4%.,"0/"8(y)*"'(*./11/?"/%"12.%&1&$(%/.5"3/.%"4A)&$&5"1/"*)'E5/"0/"3)&*%,$?"0)*4"0/"4).4A/$"="/<%5(&5/?"
-.2&1" $).A(&%/C"D/" 8)5'(%"0/$" 8&4A&/5$"0/" $)5%&/" /$%")5+(*&$," $).$" 8)5'/"0/" 4)1)**/$?"-.&" 4)55/$3)*0/*%"










































6%/',)* HB*\* P'&%$* ()* #7%.&5* ()-* >7,%`7.-* ?'%* #,7#7-)* ()-* -7$'&%7.-* %.-&A.&A.5)-* ?')* $@'&%$%-A&)',* #)'&*
=7,,%/),1*
"
D2).%&1"3/5'/%".*/"k"$/'&I(.%)'(%&$(%&)*"l"0."3)&*%," /*"35)3)$(*%".*"3)&*%," &*$%&*4%&8" /*%5/" 1/$"3(5%&/$"
0/$"A)5&Y)*$"-./"12.%&1&$(%/.5"4A)&$&%"X" &1"4A/54A/"1/$",1,'/*%$"(.<"45&%65/$"$(%&$8(&$(*%$"@/%"/*"4)*$/5>(*%"





4)'31/</?" 1/$" &*%/58(4/$" $)*%" $.33)$,/$" P%5/" 4)*%&*./$" /%" 35,$/*%/5" .*/" 4)A,5/*4/" 1(%,5(1/" $(*$"
E&(&$"'(;/.5C"G&*$&"1/$",1,'/*%$"5,3/5%)5&,$"$)*%"5/4A/54A,$"0(*$".*/"Y)*/"5,0.&%/"0,8&*&/"3(5"1("
1)4(1&$(%&)*">/5%&4(1/"/%"1(%,5(1/"0/$"3)&*%$"4)*0&%&)**(*%$C"
!! 1/$" >(1/.5$" 02&*%/54/3%" /%" 0/" +5(0&/*%"X" *).$" 8(&$)*$" 12AF3)%A6$/" -.2.*/" &*%/58(4/" 35,$/*%/" .*/"
4)A,5/*4/" 0/" 1(" >(1/.5" &*%/54/3%" ($$)4&,/" =" 4A(4.*" 0/" $/$" ,1,'/*%$C" D(" >(1/.5" +5(0&/*%" *2/$%"
.%&1&$,/"-./"3).5"1/$"4($"0/$"&*%/58(4/$"0/"$(E1/$"0/"41($$/"LLC"












12&*%/53)1(%&)*" /$%" 8(4&1/'/*%" 3/5%.5E,/?" &1" /$%" 3)$$&E1/" 0/" 0/'(*0/5" =" 12).%&1" @3(5" .*/" 4)''(*0/" (."











G>(*%" 1(" $&'.1(%&)*?" 4A(4.*/" 0/$" 4).4A/$" 0,8&*&/$" 0(*$" 1/" ')061/" /$%" A)5&Y)*%(1&$,/" @8&+.5/" \dBC" D("
$&'.1(%&)*" $/5(" /88/4%.,/" ="3(5%&5"0/$"3)5%&)*$"0/"3.&%$" 4)55/$3)*0(*%$" (.<" &*%/58(4/$"-.&"0,1&'&%/*%" 1/$"









D(" 8&+.5/" fe" 5/35,$/*%/" 0/$" 4($" )t" 1/" 4A)&<" 0/" 4)55,1(%&)*" $.5" %5)&$" 4).4A/$" 02.*" 'P'/" ')061/" 0/"
4)*%5(&*%/$" +,)',%5&-./$" @A(.%?" +(.4A/B" /$%" 0&88,5/*%C" D/" ')061/" $&'.1," /$%" .*" ($$/'E1(+/" 0/" %5)&$"




D/" 4A)&<" 0/" 1(" 4)55,1(%&)*" 3/.%" P%5/" /88/4%.," 0(*$" .*" 35/'&/5" %/'3$" (>/4" 1/$" &*8)5'(%&)*$" &$$./$" 0/"
12&*%/535,%(%&)*"0/"1("$/4%&)*"$&$'&-./"@35,$/*4/"02)*1(3$?"0/"$.58(4/$",5)$&>/$?"0/"4)*%&*.&%,$"'(;/.5/$B"








4).4A/$" 0,8&*&/$" (." $/&*" 0/" 1(" Y)*/C" J).$" (>)*$" 45,," .*" ')0.1/" &*%,+5," (." 4)0/" 0/" $&'.1(%&)*"




A)5&Y)*%(.<" 3/5'/%" 0/" 4A)&$&5"1/" %F3/" 0/" 0,8)5'(%&)*" -.&" 35,$/*%/" .*"'(<&'.'" 02&*%/58(4/$" 31(*/$" /%"
5/*>)&/"0)*4"1/"%F3/"0/"4)55,1(%&)*"="(331&-./5"1)5$"0."5/3)$&%&)**/'/*%"0/"1("4).4A/"$&'.1,/C"#*"/88/%?"












6%/',)* HU*\* E7,%`7.&A$%-A&%7.* (@'.)* =7'=>)* (56%.%)* #A,* $)* #7%.&5* ()-* %.&),6A=)-1* TA* -%"'$A&%7.*














































































































































































Ecart t e = 0.045
Ecart t e = 0.083














0+# 5*(4&0# 10%# '+506&'&/10%C# I*/6# 5=)5/+0# 10# 50%# 5*/5=0%J# ./'# %06*+&# +*%# 0%4)50%# 10# &6)E)'2# 4*/6# 2)#
%'(/2)&'*+#,-*%&)&'%&'./0J#+*/%#)E*+%#-&)H2'#/+0#(-&=*10#4*/6#20#5=*'<#10#2)#5*66-2)&'*+#,-*(-&6'./0C#












)5*/%&'./0# )/# 4/'&%C# I/'%# +*/%# 0<42'./06*+%# 23)+)(*64=*%0# ,)/%%'0++0J# ./'# 406(0&# 10# &6)+%9*6(06# 20%#




R)+%# /+# 460('06# &0(4%J# 2)# %'(/2)&'*+# ,-*%&)&'%&'./0# 10# 23'(4-1)+50# %06)# 09905&/-0# 52)%%'./0(0+&# )E05#
4*/6#%0/20%#5*+&6)'+&0%#20%#1*++-0%#10#4/'&%#0&#2)#,-*(-&6'0#10%#5*/5=0%C#D*/%#*H&'0+16*+%#20#(*1720#0+#
'(4-1)+50# )5*/%&'./0# '+'&')2# ./'# 5*+&'0+&# &*/%# 20%# )E)+&),0%# )44*6&-%# 4)6# 2)# %'(/2)&'*+# ,-*%&)&'%&'./0J#
530%&# 1'60# 2)# 46*H)H'2'%)&'*+# 1/# 6-%/2&)&J# 0&# 2)# 6046*1/5&'*+# 10%# =-&-6*,-+-'&-%# 10%# 1*++-0%# 10# 4/'&%# %/6#
230+%0(H20#10#2)#%05&'*+C#
N)# 10/<'7(0# 4=)%0# 5*+&'0+&# +*&60# '++*E)&'*+# ()S0/60#T# 23'+&-,6)&'*+# 10# 23'+9*6()&'*+# ./)+&'&)&'E0# 10%#
1*++-0%#%'%('./0%#4)6#/+0#(*1'9'5)&'*+# 2*5)20#)#4*%&06'*6'#10# 2)#%05&'*+#13'(4-1)+50#)5*/%&'./0C#U0&&0#















%'(/2)&'*+%#4)6# 2)#(-&=*10#MPM# 9*/6+'%%0+&# 10%#E)20/6%#1*+&# 2)#1'%&6'H/&'*+# 0%&# ,)/%%'0++0J# '2# 0%&# 1*+5#
+-50%%)'60#10#&6)+%9*6(06#20%#1*++-0%#10#9)Q*+#F#50#./30220%#%)&'%9)%%0+&#50%#5*+1'&'*+%C#
N0# 46*H27(0# 0%&# ./0# 20%# 1'%&6'H/&'*+%# %&)&'%&'./0%# 10%# 2*,%# 13'(4-1)+50# ./'# E*+&# 5*+1'&'*++06# 2)#







N3)+)(*64=*%0#,)/%%'0++0#9)'&# '+&06E0+'6#/+0#9*+5&'*+#./'# 9)'&#5*660%4*+160#F#5=)./0#E)20/6# '+'&')20#1/#
4/'&%# /+0#E)20/6#,)/%%'0++0# 0&# '+E06%0(0+&# ?4)6# 20# H')'%# 10%#1'%&6'H/&'*+%# 5/(/2)&'E0%BC#U0&&0#*4-6)&'*+#
1*'&#O&60#H'S05&'E0#5)6#+*/%#%*/=)'&*+%#60&6*/E06#F# 2)# 9'+#1/#5)25/2#10%#E)20/6%#10#1*++-0%#6-0220%#0&#./'#
46-%0+&0+&#20#(O(0#&>40#10#1'%&6'H/&'*+#%&)&'%&'./0#./3)/#1-4)6&C#N)#9',/60#W:#%5=-()&'%0#50&&0#*4-6)&'*+#T#
23='%&*,6)((0# 0&# 2)# 1'%&6'H/&'*+# 5/(/2)&'E0# 10%# 1*++-0%# '+'&')20%# %*+&# 46-%0+&-%# F# ,)/5=0J# 0&# 50/<# 10%#
1*++-0%#X#)+)(*64=*%-0%#Y#F#16*'&0C#
I*/6# 20%# )442'5)&'*+%# %/'E)+&0%J# +*/%# )E*+%# 5=*'%'# /+0# )+)(*64=*%0# %'(420# ./'# 5*+%'%&0# F# 50+&606# 0&#
+*6(06# 20%# E)20/6%# 13'(4-1)+50# )5*/%&'./0C# $220# %06)# 09905&/-0# '+1-40+1)((0+&# 4*/6# 5=)5/+0# 10%#
4*6&'*+%#10#4/'&%#5*660%4*+1)+&#)/<#5*/5=0%#./'#20%#&6)E06%0+&C#
#

































Puits initiaux (impédance) Données anamorphosées 

































/&7'/1,,0&7' ","4"38&7' :#3$-6&>' &4' /&7'/1,,0&7'3,321%.6170&7' :/%1"4&>@'A&7'#%3.6"G$&7'/$'=37' 71,4' 8&7'










D*/%# 10E*+%# 46-5'%06# ./02# (*1720# 10# 5*E)6')+50# ,-*%&)&'%&'./0# %06)# /&'2'%-# 4*/6# 2)# %'(/2)&'*+#
,-*%&)&'%&'./0C#
N0#(*1720# ,-*%&)&'%&'./0# ?20# E)6'*,6)((0# 0+# 4)6&'5/2'06B# ./)+&'9'0# 23*6,)+'%)&'*+# %4)&')20# 10%# 1*++-0%#
5*+1'&'*++)+&0%#1)+%#20%#1'(0+%'*+%#%4)&')20%C#@5'#+*/%#&6)E)'22*+%#F#10/<#1'(0+%'*+%#?/+#42)+#E06&'5)2B#0&#
+*/%#)E*+%#5=*'%'#/+0#5*E)6')+50#9)5&*6'%-0#&0220#T#









U0#(*1720# 0%&# )1)4&-# )/<# )+'%*&6*4'0%# [*+)20%# 0+&60# 20%# 1'605&'*+%# =*6'[*+&)20# 0&# E06&'5)20# 10%#('2'0/<#
%-1'(0+&)'60%C# N0%# 5*E)6')+50%# 0<4*+0+&'0220%# 406(0&&0+&# 10%# %'(42'9'5)&'*+%# 1)+%# 2)# 605=065=0# 10%#
E*'%'+),0%#10#86',0),0C#N3)E)+&),0#1/#5=*'<#1/#(*1720#0<4*+0+&'02#0%&#23X#0990&#13-56)+#Y#./'#%'(42'9'0#20#
86',0),0# ,6\50# F# 2)# 46-%0+50# 10# 4*+1-6)&0/6%# +/2%# 406(0&&)+&# 10# 2'('&06# 20# E*'%'+),0# 10# 86',0),0# %)+%#
)446*<'()&'*+C#U0#5=*'<#0%&#1*+5#4/60(0+&#(-&=*1*2*,'./0C#
R)+%#20#5)160#10#50&&0#&=7%0J#+*/%#5=*'%'%%*+%#/+'./0(0+&#20%#4*6&-0%#=*6'[*+&)20%#0&#E06&'5)20%#./)+1#50#
%06)# 4*%%'H20C# N0%# E)20/6%# 13'(4-1)+50# E06&'5)20%# %*+&# )550%%'H20%# )/# +'E0)/# 1/# 4/'&%C# U*+506+)+&# 2)#















R)+%# /+# 460('06# &0(4%J# +*/%# )22*+%# 1'%5/&06# 1/# 2'0+# 0+&60# 23'+&06504&# 0&# 2)# 6-9205&'E'&-# 0&# 46*4*%06# 20%#









/+0# 602)&'*+# 1'99-60+&'0220C# N3)446*<'()&'*+# 10# M=/0># 46*4*%0# 50&# )&&6'H/&# 5*((0# -&)+&# -,)2# F# 2)#
1'99-60+50# 10%# E)20/6%# 13'(4-1)+50# 60%405&'E0%# 10%# 5*/5=0%# %'&/-0%# )/]10%%/%# S:E?NT!N># 0&# 0+# 10%%*/%#
S:E?N>#?*/#)/#+'E0)/B#1/#6-9205&0/6#%'%('./0J#+*6()2'%-#4)6#2)#%*((0#10%#'(4-1)+50%#T#
$
! % " ! % "
! % "
! % " ! % "
' " ! ! ' " !
( " ! !
' " ! ! ' " !
" 3 "
" 3 &
" 3 " #
N)#9',/60#WK#6046-%0+&0#/+#0<0(420#%>+&=-&'./0#10#&6*'%#5*/5=0%#10#4)6)(7&60%#4-&6*4=>%'./0%#1'99-60+&%#
?,)/5=0BC# $220%# 5*660%4*+10+&# F# /+0# 5*/5=0# ,)[0/%0# 5*+9'+-0# )/# %0'+# 10# 10/<# 5*/5=0%# )6,'20/%0%#
?'(4-1)+50#42/%#-20E-0BC#;+#2*,#10#6-9205&'E'&-#5*660%4*+1)+&#F#50%#5*/5=0%#?9',/60#WLB#(*+&60#10/<#4'5%#





































D*/%# )22*+%# H)%06# 50&&0# 4)6&'0# 10# +*&60# (-&=*1*2*,'0# %/6# 2)# 602)&'*+# 1'99-60+&'0220# 0+&60# 23'(4-1)+50#








H0)/5*/4#13'(4*6&)+50# %/6# 20# 6-%/2&)&# 9'+)2#0&#+*/%#+*/%#10E*+%#13O&60# %_6%#10# 23'10+&'&-#10# 23)+*()2'0C#
I*/6# 502)J# +*/%# 4*/E*+%# O&60# )'1-%# 4)6# 20%# 1*++-0%# 10# 4/'&%J# 2)# 5*++)'%%)+50# ,-*2*,'./0# 10# 2)# [*+0# 0&#
&*/&0#)/&60#'+9*6()&'*+#%/442-(0+&)'60#1'%4*+'H20C#
D*/%#%)E*+%#./0#50&&0#=>4*&=7%0#0%&#1-2'5)&0J#0&#%)#9')H'2'&-#1-40+1#1/#&>40#13'(),06'0#/&'2'%-C#$+#0990&J#%'#




'+1'./*+%# %/6# 50&&0# 5*/6H0# /+# 0<0(420# 10#()'22),0# %'%('./0C#N3)+)2>%0#GAG#0%&# 09905&/-0# F# 4)6&'6# 1/#
6-%/2&)&# 10# 2)#(',6)&'*+J# 1*+5# 20%# %./020&&0%# ./'# 0+#1-5*/20+&# %*+&# -5=)+&'22*++-%# F# 50&&0# 6-%*2/&'*+C#N0#
,6)4='./0#1/#H)%# '+1'./0# 20# 2*,#10# 6-9205&'E'&-#./'# 5*660%4*+1#)/<#5*+&6)%&0%#13'(4-1)+50J#+*/%#)E*+%#
/+0#E)20/6#10#6-9205&'E'&-#4)6#()'220#%'%('./0C#
U0&&0#'22/%&6)&'*+#(*+&60#10/<#%'&/)&'*+%#./0#+*/%#4*/E*+%#60+5*+&606#T#
! F# 23-5=0220# %'%('./0J# 506&)'+%# 5*(4*6&0(0+&%# 2*5)/<# 10# 23'(4-1)+50# 10# (*>0++0# */# 9)'H20#
)(420/6# +0# %*+&# 4)%# */# 460%./0# 4)%# 6-E-2-%# 4)6# 20# 2*,# 10# 6-9205&'E'&-C# N0# 5)%# ?"B# (*+&60# /+0#




R)+%# 50# 5)%J# 23-E*2/&'*+#10# 23'(4-1)+50# 0+#46*9*+10/6# 46-%0+&0# /+# 5*(4*6&0(0+&# %&)&'*++)'60J# 5b0%&]F]
1'60# ./0# 2)#(*>0++0# %/'E)+&# 2)# E06&'5)20# 60%&0# 5*+%&)+&0C# @1-)20(0+&J# %'# +*/%# %*(('*+%# 20%# E)20/6%# 10#
6-9205&'E'&-#%/6#&*/&0#2)#E06&'5)20J#+*/%#&6*/E06'*+%#/+#6-%/2&)&#+/2#*/#9)'H20C#
D*/%# 46-%0+&*+%# ()'+&0+)+&# /+0# 5*/6H0# 13'(4-1)+50# F# &0+1)+50# +*+# %&)&'*++)'60# ?9',/60# W`BJ#

































E06%# 20# H)%J# &)+1'%# ./3/+0# E)20/6# +-,)&'E0# 5*660%4*+1# F# /+0# 1'('+/&'*+C# N)# E)20/6# 13'(4-1)+50# 0+# /+#
4*'+&#1-40+1#1*+5#10#50220#1/#4*'+&#46-5-10+&#0&#10#%0%#E*'%'+%C#
I*/6#6046*1/'60#50%#E)6')&'*+%#13'(4-1)+50#./)+1#'2#0<'%&0#/+0#E)20/6#'+&06504&#-20E-0J#+*/%#46*4*%*+%#10#
(*1'9'06# 2*5)20(0+&# 2)# (*>0++0# 10# 2)# %05&'*+# 0+# '(4-1)+50# )5*/%&'./0# '+'&')20C# I*/6# 5*+%06E06# 2)#
%&6/5&/60#)2-)&*'60#56--0#4)6#2)#%'(/2)&'*+#,-*%&)&'%&'./0J#+*/%#46*4*%*+%#13)S*/&06#/+0#5*+%&)+&0J#4*%'&'E0#
*/#+-,)&'E0#F# 2)#[*+0#10# 2)#%'(/2)&'*+#%*/%]S)50+&0#0&#./'#0%&#5)25/2-0#1'605&0(0+&#F# 23)'10#10# 2)#E)20/6#
'+&06504&C#
N)# %'&/)&'*+# '+'&')20J# 5b0%&]F]1'60# 20# 460('06# 6-%/2&)&# 10# 2)# %'(/2)&'*+# %)+%# 5*+&6)'+&0# ./)+&'&)&'E0# 0%&#
'22/%&6-0#%/6#20#%5=-()#1/#=)/&#10#2)#9',/60#Wa#./'#6046-%0+&0#/+0#E06&'5)20#13'(4-1)+50#%'(/2-0#)/#%0'+#1/#
(*1720C#
G467%# '+&0646-&)&'*+# 10%# 6-%/2&)&%# %'%('./0%# 0&# GAGJ# +*/%# 5=*'%'%%*+%# 13'+&-,606# 23'+9*6()&'*+# 0+#
6-9205&'E'&-J#1*+5#0+#E)6')&'*+#13'(4-1)+50# 9*/6+'0#4)6#/+0#E)20/6#13'+&06504&# %',+'9'5)&'E0#WC# ?+-,)&'E0#
1)+%# 50&# 0<0(420BC# M/'E)+&# 2)# 5*+9',/6)&'*+# 10# 23)+*()2'0# 604-6-0J# +*/%# )E*+%# 10/<# &>40%# 10#
5*+9',/6)&'*+%#T#
! %*'&# +*/%# )E*+%# '+&0646-&-# 23)+*()2'0# 5*((0# /+0# [*+0# 5*+9'+-0# 0&# H'0+# 1-2'('&-0#
,-*(-&6'./0(0+&# 4)6# 20# %./020&&0# '+&06504&J# 0&# +*/%# %*/=)'&*+%# 6046*1/'60# /+0# E)6')&'*+#
13'(4-1)+50# 5*+%&)+&0# 0+# 46*9*+10/6C# R)+%# 50# 5)%J# +*/%# (*1'9'*+%# 10# 9)Q*+# 5*+%&)+&0# 0+#
46*9*+10/6#2)#[*+0#13'(4-1)+50#5*+%06E-0#?H)%J#,)/5=0#10#2)#9',/60#WaBC#U02)#60E'0+&#F#9)'60#/+0#
(*1'9'5)&'*+# 10# 2)# (*>0++0# 2*5)20# 10# 23'(4-1)+50# %'(/2-0#T# 0220# 0%&# 5*+%&)+&0# )/# %0'+# 10#
23)+*()2'0#?5*/6H0#E06&0BC#
! %*'&# +*/%# )E*+%# '+&0646-&-# 23)+*()2'0# 4)6# /+0# 9*6&0# 6-9205&'E'&-# %/6# /+# =*6'[*+# ?5*((0# +*/%# 20#
E066*+%#2*6%#10#23)442'5)&'*+#%/6#1*++-0%#6-0220%BJ#()'%#./3'2#+3>#)#4)%#13)/&60%#'+9*6()&'*+%#%/6#2)#
1-2'('&)&'*+#10#50&&0#[*+0J#%/6&*/&#)/#+'E0)/#10#%)#H)%0C#R)+%#50#5)%#+*/%#%/%405&*+%#/+0#[*+0#10#
,)[# */# 13=/'20# 5*+9'+-0# %*/%# /+0# [*+0# '(406(-)H20J# 0&# 23'+&0646-&)&'*+# 10%# %05&'*+%# (',6-0%J#













! " ! "
& ! "
( !











! 4*/6# 4*/E*'6# 6056-06# 20%# 10/<# &>40%# 13)+*()2'0%J# +*/%# S*/*+%# %/6# 2)# E)20/6# 1/# 5*099'5'0+&# 10#
(*1'9'5)&'*+#%/6#2)#46*9*+10/6#1/#()%./0C#@2#%06)#5*+%&)+&#%/6#&*/&#20#()%./0#%'#+*/%#%*/=)'&*+%#
*H&0+'6# /+0# [*+0# 0+# '(4-1)+50# =*(*,7+0# 9'+)20J# 4)6# 5*+&60# 4*/6# 6046*1/'60# /+0# [*+0# 0+#




! 20#()%./0# +3)# 4)%# /+0# '+92/0+50# %0/20(0+&# 0+# 46*9*+10/6J#()'%# )/%%'# 2)&-6)20C#U02)# 406(0&# 10#
6046*1/'60#/+0#)+*()2'0#0+# '(4-1)+50#=*(*,7+0#%'# 20%#-2-(0+&%#10# %./020&&0# '+&06504&#+0# %*+&#














A5",!8$&,-&' /&' 83' 938&$%' ",4&%-&.4' &74' 8"2"40&' 7&81,' 83' .%1!1,/&$%?' 83'21J&,,&'/5"2.0/3,-&'3-1$74"G$&'








D*/%#+3)442'./06*+%#4)%# %>%&-()&'./0(0+&# 50# 5*+1'&'*++0(0+&# ./)+&'&)&'9J# 5)6# 460+160# 0+# 5*(4&0# &*/%#
20%#-2-(0+&%#1/#%./020&&0#60E'0+16)'&#F#406&/6H06#9*6&0(0+&#230+%0(H20#10#2)#%05&'*+#13'(4-1)+50C#$+#0990&#
23'+&-,6)&'*+#E06&'5)20#10#23'(4-1)+50#F#4)6&'6#10#5=)./0#4*'+&#1/#%./020&&0#56--#10%#0990&%#10#X#5=0('+-0#Y#





U0&&0# 4)6&'0# )E)'&# 4*/6# H/&# 10# 46-%0+&06# 230+%0(H20# 10# 2)# (-&=*1*2*,'0# ./0# +*/%# 46*4*%*+%# 4*/6#
5*+%&6/'60# /+# (*1720# 0+# '(4-1)+50# )5*/%&'./0# 4)6# %'(/2)&'*+# ,-*%&)&'%&'./0# F# 4)6&'6# 13'+9*6()&'*+%#
,-*4=>%'./0%#10#./)2'&-C#N0%#4*'+&%#'(4*6&)+&%#%*+&#20%#%/'E)+&%#T#
! 20#&>40#13'(),06'0#/&'2'%-J#2)#(',6)&'*+#0+#46*9*+10/6#)E)+&#%*(()&'*+#0&#F#)(42'&/10#46-%06E-0#
9*/6+'&# 10%# 6-%/2&)&%# 10# ./)2'&-# 4*/6# 23'+E06%'*+# GAG# 0&# 1*+5# 4*/6# 230+%0(H20# 10# 2)#
(-&=*1*2*,'0#T# 20%# 1*++-0%# %'%('./0%#(',6-0%# %*+&# 0<46'(-0%# 0+# 46*9*+10/6J# 20/6%# )(42'&/10%#
%*+&#46-%06E-0%J#(O(0#1)+%#/+#('2'0/#5*(420<0C#D*/%#1'%4*%*+%#)/%%'#10%#E)20/6%#10#E)6')&'*+#
10#2)#6-9205&'E'&-#%02*+#23)+,20#,6\50#F#/+0#5*+E06%'*+#*99%0&])+,20#'(42'5'&0#F#2)#(',6)&'*+C#
! 2)# (-&=*10# 13'+E06%'*+# GAG# 0(42*>-0# 406(0&J# E')# 20# 5)25/2# 10# &6)S05&*'60%J# 10# ('+'('%06# 20%#
0990&%#13/+#()/E)'%#(*1720#10#E'&0%%0#/&'2'%-#4*/6#2)#(',6)&'*+C#R0#42/%#0220#9*/6+'&#10%#6-%/2&)&%#
%*/%# 9*6(0# 10# %./020&&0%# ./'# &6)1/'%0+&# 50# ./0# X#23'(),06'0# %'%('./0# )# E/#YJ# 0&# 9*/6+'&# 4*/6#
5=)./0# -2-(0+&# 1/# %./020&&0# 10%# E)20/6%# 10%# )&&6'H/&%# GAG# '+&06504&# 0&# ,6)1'0+&C# M'# +*/%#
)%%*5'*+%#0+#42/%#20%#56'&760%#10#./)2'&-#10%#-2-(0+&%#0%&'(-%#4)6#23)+)2>%0#10%#&6)S05&*'60%J#50&&0#
(-&=*10#406(0&#/+0#E-6'&)H20#X#2)H022'%)&'*+#Y#1/#%./020&&0C#
! 20%# %./020&&0%# '+&06504&# 0&# ,6)1'0+&J# ()'%# )/%%'# 20%# %05&'*+%# '+506&'&/10%# ?0+# 4*%'&'*++0(0+&# 0+#
46*9*+10/6# 0&# E)20/6%# 13)&&6'H/&%B# %*+&# /&'2'%-%# 4)6# /+# */&'2# %0('])/&*()&'./0# 10# 4*'+&-# 10%#
=*6'[*+%#4*/6#1-9'+'6#20%#5*/5=0%#./'#5*+%&'&/0+&#20#%*/%]%*2#-&/1'-C#;+0#)+)2>%0#)/&*()&'./0#10#
5=)5/+0# 10%# X#5*/5=0%# %./020&&0#Y# =*6'[*+&)2'%-0%# 406(0&# 10# 1-9'+'6# 20# &>40# 10# 5*66-2)&'*+#
,-*(-&6'./0# F# 09905&/06# 2*6%# 1/# 604*%'&'*++0(0+&# 10# 5=)./0# 5*/5=0# ?*/#/+0# )'10# F# 2)# 1-5'%'*+#
)E05#23'+&0646-&)&'*+#,-*2*,'./0#10#2)#%05&'*+#%'%('./0BC#
N)#%'(/2)&'*+#,-*%&)&'%&'./0#F#4)6&'6#1/#*/#10%#2*,%#10#4/'&%#0+#'(4-1)+50#)5*/%&'./0#0%&#09905&/-0#4*/6#
5=)5/+0# 10%# 5*/5=0%# 0<&6)'&0%C# D*/%# *H&0+*+%# )2*6%# /+# 460('06# (*1720# 0+# '(4-1)+50# 0+# 46*9*+10/6#
5*(420&# %/6# &*/&0# 2)# %05&'*+# -&/1'-0# ./'# 0%&# 20# (*1720# '+'&')2# 4*/6# 2)# %/'&0# 10# 2)# (-&=*1*2*,'0C# U0&&0#
460('760# %'(/2)&'*+#0%&#1*+5#/+0#-&)40C#$+9'+J#+*/%#46*4*%*+%#13/&'2'%06# 20# %./020&&0# '+&06504&J#*/#42/%#
46-5'%-(0+&# 10%# 9*6&%# 5*+&6)%&0%# 1)+%# 20%# 5*/5=0%# 1/# %./020&&0J# ./'# )467%# '+&0646-&)&'*+# 10%# 1'99-60+&%#
6-%/2&)&%#13'(),06'0#0&#13)+)2>%0#GAG#&6)1/'%0+&#2)#46-%0+50#13)+*()2'0%#0+#'(4-1)+50#)5*/%&'./0J#1*+5#
13=>16*5)6H/60%C#D*/%#-&)H2'%%*+%#/+#2'0+#4=>%'./0#1'605&#0+&60#2)#6-9205&'E'&-#F#*99%0&#+/2#?23'+&06504&B#0&#
23'(4-1)+50# )5*/%&'./0J# 4*/6# 2*5)20(0+&#(*1'9'06# 20%# E)20/6%# 13'(4-1)+50# %'(/2-0%# 0&# 6046*1/'60# /+0#
E)6')&'*+#13'(4-1)+50#9*6&0C#U0&&0#(*1'9'5)&'*+#40/&#O&60#9)'&0#10#9)Q*+#%&)&'*++)'60#*/#+*+#%&)&'*++)'60#
%/'E)+&# 20# &>40# 13)+*()2'0# ./0# +*/%# %*/=)'&*+%# 6046*1/'60#T# =*(*,7+0# %/6# /+0# [*+0# 5*+9'+-0# */# /+0#
%)&/6)&'*+#%*/%#/+0#5*/5=0#5*/E06&/60#'(406(-)H20C#G'+%'J#0+#42/%#10#9*/6+'6#23'+9*6()&'*+#,-*(-&6'./0#







U0&&0#(-&=*1*2*,'0#E)#()'+&0+)+&#O&60#)442'./-0# %02*+# &6*'%#5)%#T# 20#460('06#0%&#/+#5)%# %>+&=-&'./0#./'#










































































)467%#(',6)&'*+# 0+#46*9*+10/6# 0&# )+)2>%0#GAGC#U0&&0#(-&=*1*2*,'0# 9)'&# '+&06E0+'6# 10%# -&)40%# 56/5')20%#











23-5=0220# 10# 23'(),06'0C# R)+%# 20# H/&# 10# 56-06# /+# 0+%0(H20# 10# 1*++-0%# %'%('./0%# %>+&=-&'./0%J# +*/%#
/&'2'%*+%#/+#5*10#10#(*1-2'%)&'*+#13*+10%#-2)%&'./0%#:R#H)%-#%/6#20#&6)E)'2#10#gU6)%0J#"ddehC#c)'%J#)E)+&#
10# 46*5-106# F# 2)#(*1-2'%)&'*+J# +*/%# 10E*+%# 1-9'+'6# /+#('2'0/# 0+# E'&0%%0%# IJ# M# 0&# 0+# 10+%'&-# ./'# %06*+&#
/&'2'%-%C#
D*&60# (*1720# 0%&# 0<&6)'&# 1/# (*1720# :R# c)6(*/%'# @@# gc)6&'+J# :ee:h# 1*+&# +*/%# 5*++)'%%*+%# 20%# &6*'%#





E'&0%%0%#A4J#A%J# 0&# 10+%'&-BC# N0# 106+'06# 0%&# /+0# E06%'*+# -&0+1/0# 0&#('%0# F# S*/6# 1/#(*1720# %>+&=-&'./0#






! R0%#5)6)5&-6'%&'./0%# %&6)&',6)4='./0%J# 5*((0#10%# 5=0+)/<J#10%#5*/5=0%#13'(4-1)+50#+/220%#*+&#
-&-#)S*/&-0%C#
U0#(*1720#)#-&-#42)5-#%*/%#/+0#5*/5=0#130)/#10#We#(7&60%#13-4)'%%0/6#0+E'6*+J#50#./'#406(0&#13)E*'6#10%#

















R0# 2)# %05&'*+# 0+# E'&0%%0# IJ# 20%# E'&0%%0%# 10# 5'%)'220(0+&# M# *+&# -&-# 0%&'(-0%# F# 23)'10# 10%# -./)&'*+%# 10#
gP600+H/6,#0&#U)%&),+)J#"dd:hJ#0&#2)#10+%'&-#F#23)'10#10%#-./)&'*+%#10#gU)%&),+)#&4'38@J#"ddKhC#
;+# 0+%0(H20# 10# 5*/5=0%# 13=>16*5)6H/60%# )# -&-# '+&6*1/'&# 1)+%# 20# (*1720# %&6/5&/6)2# 0&# 4*%'&'*++-# F#













































Point de tir (m)
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Distance horizontale (km) 30
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Distance (km) 30 #
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Puits x = 1500 m Puits x = 2700 m




Puits x = 100 m
Puits x = 1500 m
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:?) Calculer la section réflectivité R0 à partir de la section en impédance acoustique simulée<#4/'%#
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